0 5 APR 2005 -1 DESCRI PTI ON CURABLE RESI NS AND CURABLE RESI N COVPGCSI TI ONS
CONTAI NI NG THE SAME 5 Technical Field This invention rel ates tﬂ gvﬁﬁwgble
resin having an unsaturated group and a carboxyl group at the @ i‘nal s of
its side chains and a curable resin conmposition containing the sane, 10
nore particularly to a curable resin capable of producing a cured film
excelling in resistance to soldering helat and resistance to PCT (pressure
cooker test) and al so excelling in adhesiveness, resistance to chenicals,
resistance to electroless gold platin el ectrical insulating properties,
resi stance to noisture 15 absorptP@ﬁ FLIGhd a curable resin conposi tion
containing the sane. This invention further relates to a photocurable and
t hernosetting resin conposition, particularly a flame- retardant,

phot ocur abl e and t her tH &8st Sc§ﬁ90§bhggﬂﬁ Hpahgch is suitable for
use as a solder resist of a printed circuit oard and the like, excels in

the tack-free dryness aioMposorebis cenyadiy e Tamd gpewel opi ng properti es,
and can give a cured product excelling in adhesiveness, resistance to

sol déring heat, resistance to chem cals, resistance to noisture 25
absorption, resistance to electroless gold plating, PCT resistance,

el ectri Bgchmsenbt Fahglproperties, flane retardancy, etc. Background Art 0 5

APR 2005 -2 At .present, as a photocurable and thernosetting resin
This i1nvention relates to a curable resin having an

unsaturated group and a carboxyl group at the terminals of its
sidechainsandaicurableresincompositioncbntainingthesame,
10 more particularly to a curable resin capable of producing a cured
film éxcelling in resistance to soldering heat and resistance
to PCT (pressure cooker test) and also excelling in adhesiveness,
resistance to chemicals, resistance to electroless gold plating,
electrical insulating properties, resistance to moisture
15 absorption, etc. and a curable resin composition containing the
same. |
This invention further relates to a photocurable and
thermosetting resin composition, particularly a flame-
retardant, photocurable and thermosetting resin composition,
20 which is suitable for use as a solder resist of a printed circuit
board and the 1like, excels in the tack-free dryness after
preliminary drying and developing properties, and can give a
curedgmoductexcelling:hladhesiveness,resistancetx)soldering'
heat, resistance to c¢hemicals, resistance to moisture
25 absorption, resistance to electroless gold plating, PCT
resistance, electrical insulating properties, flame retardancy,

etc.

Background Art



conposition to be used as a resist of a printed circuit board and the |ike,

with due respect to the problemof environnental safety, an alﬁq hameL
devel opi ng type photocurable and thernosetting 5 resin conposition IC

i npl ements devel opnent with a dilute aqueous al kaline solution as a

devel oper has cone to play the |leading role. As such an al-kali devel oping
type photocurable and thernosetting regin conposition using a dilute
aqueous al kaline 10 solution, there are, for exanple, a resist ink
conposition conprising a curable resin obtained by adding an acid anhydri de
to a reacti ofttpr BHGEENSH AFofol RRCEFYFEYERIEy 2BAPINRITR TP BRI ukea at ed

o oup- COnLELNLG TNCEUONILE aci g, pholenel umeri b LOnunl dlatory o
Eat ent Appli £8L1 9Rke JFi@ﬂf 3638%%@%%& £8SLEk ESBEE%E{PB%' EhO1 OAHAGLEr | zed
y conprising a curabl'e resin whi i's obtarn y Teacting an

epi hal ohydreRyt, 0aR B 18200NQLY 61883 ARCEY Y e DI 1Y r 95 PER Y tBeri®deititGhy
product of an aromatic epoxy reSin~ having two glycidyl 20 groups in its

mol equl erasdnago@ip@EEit ibalwioheh i Empeemenhaviderelopneheneics Ay dridxite
groups in its nolecule and subsequently adding an unsaturated

gr oup- coatjaepiusg atkaddard@olutti@aci als amddevatnpar heisd cameydio gd atyo tthee
resul tant reaction product (JP 5-32746A), and the |like. 25 Heretofore, a
conposi t 18addngt Weleurable resin originating froma cresol novol ak type
epoxy resin as a start material_ (JP, 61-243869A) is mﬁdelﬁcused in man

fields of el &trSHCcd méfer PallsudPERI P LB detYPEsi BEOLECHERd&d AP he
T s8R B¢ K5 RERLD ADER LRTAL Rl a5 AGR0 1
[ 1110 exgghachBnsUdhelt 0BREY | G RSekaRPIANE FEsTRkIlhNIcBRBbs 11aYSt ance
comprising a cufable resin obtained by adding an acid anhydride
to a reaction product of a novolak type epoxy compound with an
unsaturated group-containing monocarboxylic acid, a
photopolymerization initiator, a photopolymerizabie monomer,
15 and an epoxy compound (published Japanese Patent Application,
JP 61-243869a), a resist ink composition characterized by
"comprising a curable resin which is obtained by reacting an
epihalohydrin to an aicoholic secondary hydroxyl group of a
reaction'product of an aromatic epoxy resin having two glycidyl

20 groups in its molecule and an aromatic alcoholic resin having
two phenolic hydroxyl groups in its molecule and subsequently
adding an unsaturated group-containing monocarboxylic acid and
then an acid anhydride to the resultant reaction product (JP
5-32746A), and the like.

25 Heretofore, a composition of the curable resin originating
from a crescl novolak type epoxy resin as a start material (JP
61-243869A) is widely used inmany fields of electronic material,
such as a solder resist to be used in the manufacture of a printed

circuit board and a permanent mask to be used in the manufacture




chem cals, and electrical insulating properties. However, the recent
advances of the electric industry and 5 sem conductor industry né&gafRr®isnore
i nprovenent in the characteristics such as, for exanple, heat resistance
and PCT resistance. in order to satisfy such demands, various curable
resins are devel oped. Anbng these resins, as a curable resin conposition
having 10 outstandi ng heat resistance and PCT resistance, various
conpositions containing an al kali-solublfe curable resin such as, for
exanpl e, a conposition containing a curable resin obtained by reacting

t et r ahydedphtitegié caanhyadr pdckeidd, deceacta difspeodedt £idh excedsoln mmal ak
type epoxy resin, dinmethylol propionic acid, 15 and acrylic acid (JP

6- 324490R¥OPETERS0sRE i IPTHTEANARNG A SeLASELad eBPAt obtEBREICBYCRed? i ng

tetrahydrophthalic anhydride wth a reacti.on product of a cresol novol ak
ype. opoRgeRagatse Fhaa e toal nsi o, BHARRY LS conol - (JP

11-288091A), it | R ' bt ai ned .b [
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and JP 20Q3r33084Akt iRl swIf 4 OPASLlax AINBNCI hehROPR G BRARIR W8S PCT
conpositions are also still 25 insufficient to obtain a cured film

sati sfyi pgshethnthe hgatorfesi sbanaeiamg POEhr @emahdrcevahs omntueradd cabove,
sonme conposition systens are heretofore proposed as a curable resin

conposi t reaiaadacer devdlyppssdd in large quantities in the practical
manufacture of printed circuit 0 5 APR 7005 -4 boards. However, in view of
hi gh densi f i @8CN6h tdeahagiint e s A retFabbdares s eePpCRiEAOPh&avddht

treng of ofkeebnanhe dulees . AN d20r5a8 Nt 05 80908k S ous

compositions containing an alkali-soluble curable resin such as,

for example, a composition containing a curable resin obtained

by reacting tetrahydrophthalic anhydride with a reaction product

of a cresol novolak type epoxy resin, dimethylol propionic acid,

15 and acrylic acid (JP 6-324490A), a composition containing a

curableresinobtainedknrreactinétetrahydroPhthalicanhydride

with a reaction product of a cresol novelak type epoxy resin,

acrylic acid, and p-hydroxyphenetyl alcohol (JP 11-288091A), a

composition containing a curable resin obtained by reacting

20 {(methj)acrylic acid with a bisphenol type epoxy resin having side

chains of which hydroxyl groups are partially epoxidized and then

reacting a polybasic acid anhydride with the resultant reaction

product (JP 9-54434A and JP 2001-13684A), etc. are proposed.

However, these curable resin compositions are also still

25 insufficient to obtain a cured film satisfying both the heat
resistance and PCT resistance.

As mentioned above, some composition systems are heretofore

proposed as a curable resin composition and currently used in

large quantities in the practical manufacture of printed circuit




a cured filmw th good workability in the process in addition to its high
performance has been finding growing recognition. That is, in tQﬁiﬂpﬂ P d
circuit boards having the solder resist formed by the use of a conve onal
curabl e resin conposition, however, the PCT resistance which is the

|l ong-term reliability test was inferior, which resulted in exfoliation of
10 a resist in the PCT test. Such a propl.emin long-termreliability is
undesirable not only in the case of the resist on a printed circuit board
but also_in the products for other uses, such as interlamnar insulating

| ayers oPCREdS-- | Hpwe Vet cdint viear @ higke dgnsdifligaipleywdnd. thdiaoered si nce
an automatic exposure 15 appara%Hs has conme into wi de use in view of
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flames retar daacyih® eGHRNMISH QDESEL1A8ng §8BRIAY ¥ynition.
incorporation of a fame-retardant into the conposition i's well” known. As

| ong as suchmhaonosi in obhésp2Intiedd c ihaneme hod hes | Rpatihdgettheofsdiebdr

resi stance, resistance to noisture absorption, or other property cones into
guest i onresAstor fibngeg, hyhi $heetibod iof har dignpessibhelt crypmeblat casien at
present. The present invention has been nade in view of the problens 0 5 APR
1005 -5 fERPPEAEd CIbohevevehashgnP 6BjERs 1% bapEswhiechnialihg iLod@hgran

curabl e resi,n capable of fornmng a,cure roduct i ¢ch, exhibits  the
Sel |- bal BRLEAPIGGEY: Eept YRt oL BRaT o e el arhan LEed 1E e et LR B so

excelp 10 N I PERRY M £258YC s 88nATBERLYERCER 1ong-term reliability
is undesirable not only in the case of the resist on a printed
circuit board but alsoc in the products for other uses, such as
interlaminar insulating layers of multi-layer circuit boards
like a build-up board. Moreover, since an automatic exposure
15 apparatus has come into wide use in view of improving the
workability, another matter which comes into guestion is the
tack-free dryness after preliminary drying.
Further, since the cured films 6f the curable resin
compositions mentioned above are combustible, their use in the
20 applications which strongly require f£lame retardancy 1is
restricted from the viewpeint of safety. As a methoci for
imparting the flame retardancy to a curable resin composition,
generally the incorporation of a fame-retardant into the
composition is well known. As long as such a composition is
25 used, however, the impairment of heat resistance, resistance
to moisture absorption, or other property comes into question.
Accordingly, this method is hardly possible to put into use
at present.

The present invention has been made in view of the problems




5 to a substrate., hardness, resistance to chem cals, and resistance to
noi sture absorption. Further, another object of the present invent¢§§Péﬁm§o
provide a curable resin conmposition, particularly a photocurable

t hernosetting resin conposition, which is capable of formng 10 an excell ent
cured filmfully satisfying such properties as resistance to sol dering
heat, PCT resistance, adhesiveness to agsubstrate, resistance to chemcals,
resistance to electroless gold plating, electrical insulating properties,
and resistance to noisture absorption required of a solder resist of a
printed merdikongd divewe amd hdd dn ethidsit $qeomviatk-dn ed ki yiressluabile
devel opi ng properties. A further object of the present inventionis to
provi de FULFHtDEHEA eapad ihednbesminggaredr adcphpdsrti whighi erh Hpses

excels in. fla retardancy, wthout,inpairing_such excellent 20 properties
as resi st Faid B RGO Ak ELTErANEe RS PCReRFEAPLAPFESRL AnBtIto

moi stur e ;ahsor ?(ﬁ}idg‘{ﬂ]a%gdél?c%i@ '}_%S\Sfarfl;{g}is ﬁf?k%&%qge%’ L&A 55 a#ﬁqeeéﬂfe ess

el ectrol éss go ing, and el ectrica sul-ati ng properties mentionhed

abovey 23 €| QeWeR 1t d ne HAWERLEEEN TP256eARIdsSh e Ahigads1 4Eent i Qqed

above, the present invention provides a curable resin having an unsaturated

group aneksasadex o dievdtatet BBsapdital s of its side chains. One
enbodi ment thereof is a curable resin obtained by reacting an 0 5 APR 2005

-6 unsat ur at ethgloep; canbaih@ngipaot anifoxyh ¢ ¢ paeisetntd) inwréhtdonr dactton
product (c) of a conpound having three or nore phenolic hydroxyl groups in
its nol epaloy idsua axcihige rgsd mooshak ityes , pachdrind ardgi aphadocuhiahe

al kyl ene oxjde (b) and further reacting 5 a pol ybasic acid, anhydride (f)
with t he aféstheaRespéidiidores phogriepoféfion, which is capable of'forming

10 an excellent cured film fully satisfying such properties as
resistance to soldering heat,lPCT resistance, adhesiveness to
a substrate, resistance to chemicals, resistance to electroless
gold plating, electrical insulating properties, and resistance
to moisture absorption required of a solder resist of a printed

15 circuit board and which exhibits good tack-free dryness and
developing properties.

A further object of the present invention is to provide a
photocurable and thermosetting resin composition which also
excels in flame retardancy, without impairing such excellent

20 properties as resistance to soldering heat, resistance to
chemicals, resistance to moisture absorption, adhesiveness, PCT
resistance, resistance to electroless gold plating, and

electrical insulating properties mentioned above.

25 Disclosure of the Invention
To accomplish the objects mentioned above, the present
invention provides a curable resin having an unsaturated group
and a carboxyl group at the terminals of its side chains. One

embodiment thereof is a curable resin obtained by reacting an



Anot her enbodi nent of the curable resin according to the present invention
I's the curable resin having the groups represented by the follow ng
formulas (1) and (TlI) inits side 10 chains. RL - 0 RL --- 0 CH3-5CAPR HBB-
R noRBR4 11 11 CCCGRnNn500 If Il CGZ-COHd (Il1) wherein R and
R independently represent a hydrogen atom a nethyl group, or an ethyl
group, R3, R, and R5 independently represent a hydrogen atom an alkyl
group having 1 to 6 carbon 15 atons, an aryl group, an aral kyl group, a
cyano group, a fluorine atom or a furyl group, Z represents a pol ybasic
acid anhyepateratedi groupmepntasnanguaenasErhexybiof agisl t gl 1owith a
accordance with a nore concrete preferred enbodi nent, the conpound_havi ng

three orffRFELPRSMBPRRChYT bA 297 3RBEUPA haBingsthereQn 89K PRERCIfed
ol | owi n79ERRPLI SEBNRE, R0 IS s LR T 2R R FOREDRLK wlbstc
ﬁggg;pg%lggﬁféggcarmﬂ 4 ¢ arl®y SR AWty DERY R x ild1e (BSR4 R &G I PHREARAI Ni Ng
5 a polybasic acid anhydride (f) with the resultant reaction
product (e).
Another embodiment of the curable resin according to the
present invention is the curable resin having the groups

represented by the following formulas (I) and (II) in its side

10 chains.

I R | o B R
'—~—0——0H2—(‘: 0 g (LZCIJ—RS e (D)
| éz in
F|*1 0 0
——0—1CH~C—0 g 74 I(l, OH e (ID
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wherein R' and R? independently represent a hydrogen atom, a

methyl group, or an ethyl group, R’, R', and R° independently

represent a hydrogen atom, an alkyl group having 1 to 6 carbon

15 atoms, an aryl group, an aralkyl group, a ¢yano grdup, a fluorine

atom, or a furyl group, Z represents a polybasic acid anhydride
residue, and n is a numerical value of 0.5 to 10.

In accordance with a more concrete preferred embodiment,

the compound having three or more phenolic hydroxyl groups in

20 its molecule (a) mentioned above is a condensation product of

a phenolic compound represented by the fellowing general formula



acid (d) is acrylic acid and/or nethacrylic acid, and the polybasic acid
anhydride (2) is an alicyclic dibasic acid 5 anhydride. OH | GH:h§}¢quﬁFQ
X" \JR XY\ RHO ~(Y) k HOY) k wherein R represents a hydrogen at'om or an
al kyl group having 1 to 18 carbon atons, X represents a hydrogen atom or a
hal ogen atom Y represents an al kyl group or an al koxy group each having 10
1 to 18 carbon atons, k is an integer of O, 1, or 2, and mis an integer of
O or nore. since the curable resin of the present invention has an
unsaturated group and a carboxyl group at the terminals of its side chains,
it exhibirsiexcald eah reeehavity.aldeihes, compotinkd hheigdr abl pheesilic
contains a hydrophilic and al coholic hydroxyl group which exhibits |ow
reacti vi hydirnxglsymbip anduentne s tagattaidngronp-soalt agmdugy mohoahkkbwsytlhie
formati on of a cured product having well-balanced heat resistance and PCT
resi stanaeidt (@hi g lsevatliandcddcernd fgri matdrdansl be operd esandic A has
adhesi veness to a 20 substrate, hardness, resistance to chem cals, and
resi st anB@l¥basasi t¢kd apdgiPtidh. (Adcok¥i AFl y2 L BCRG 4B 1 HRATHC cGiFdski ti on
conprd sin tgis curable resin together with a photopol ynerization
i ni ti%at ofPN¥9phb€osensitive (neth)acrylate conpound, an epoxy conpound, a
di l uent sol yent, c. exhibits 25 §Kcel ent alkali-devel8 i ng properties and
gi ves a cur prodluct 0 5 APR 2005 -8 excelling in such operties as
resi stance sol dering heat, F;ilﬁesistance, adhesi ve S, resistance to
chem cal §; ‘rksistance.to el ectfolesls gold plafing, ellectrjcal inggl?ﬁﬂng
in™

properti a{ﬁ r¢si stince . to mhistdre absorption. 5 Theregflore,.-.
: IS T

accor dang amot h aspect x0 hr prlese
| N
Hox\“/\(‘{) k HO/\\/\I’Y) k
wherein R represents a hydrogen atom or an alkyl group having
1 to 18 carbon atoms, X represents a hydrogen atom or a halogen
a'{:om, Y represents an alkyl group or an alkoxy group each having
10 1 to 18 carbon atoms, k is an integer of 0, 1, or 2, and m is
an integer of 0 or more.

Since the curable resin of the present invention has an
unsaturated group and a carboxyl group at the terminals of its
side chains, it exhibits excellent reactivity. Further, since

15 the curable resin contains a hydrophilic and alcoholic hydroxyl
group which exhibits low reactivity in a small amount or contains
no such group, it allows the formation of a cured product having
well-balanced heat resistance and PCT resistance at a high level
and excelling in various properties such as adhesiveness to a

20 substrate, hardness, resistance to chemicals, and resistance to
moisture absorption. Accordingly, a curable resin composition
comprising this curable resin together with a
photopolymerization initiator, a photosensitive (meth)acrylate

~compound, an epoxy compound, a diluent solvent, etc. exhibits

25 excellent alkali-developing properties and gives a cured product



invention, there is provided a curable resin conposition containing the
curabl e resin nentioned above. In accordance with a preferred enbodi nent of
the present invention, there is provided a photocurable and: t herhpdR #iihg
10 resin conposition characterized by conprising (A the curable resin

menti oned above,i.e. the curable resin obtained by reacting an unsaturated
gr oup- cont ai ni ng nonocarboxylic acid (d) with a reaction product (c) of a
conpound having three or nore phenolic hydroxyl groups in its nolecule (a)
and an al kyl ene 15 oxide (b) and further reacting a pol ybasic acid anhydride
(f) witbexchd ldegulimamuglegetiperpiegdues (ef isbancke tousadideniosd hedtavi ng

t he grouEs represented by the_ aforenmentioned fornulas (I% and (Il) inits

si de chaPR¥, (155 ESHRBEBpol WHBIGSAHMERREST ni t FEEELANAY atPhotdBHGa Ve
nmet h) acryl at e conpound,. (D epox 20, conpound, and .(E), a dil.uent
o vont b S D e St rre SR 1 4 R &P ARGy o L o ATRARE L 4R ( he
resent | j t i ..ded tQcurabl.e and, .thernpsetting resin
Eonpositpgﬁggﬁgﬁgé'e?ﬁ%gdf%ﬁfgggbggrt%cﬁgﬁfﬁgPﬁ% ?Eﬁogpgﬁ?gble resin ahich

has a5 car boxs@h@ﬁ@#&@ngfgf%%mgwﬁpa%e Ry gg' E%t@k%ﬁé%elaé%ﬂ@i ch

isinthe state of sof room tenperature besi t he af orerrent1 oned
conponent svehft idGCOr 4k Wikh SroPifedr ef el ISIdodHd®EIY , ddmpgosition
preferable that the photocurable and thernosetting resin 0 5 APR 2US -9
conposi t contatioilmly ddnd aturabter ragicamanysiondd .abewaccor dance wi th anot her
nore concrete and preferred enbodi nent of the present invention, there is
provi ded a photameeediecandithepnps@fignred esivodomposi pifokhehaesant zed 5
by further conprising a flanme-retardant (H). As the flane- retardant, (H), at
| east onélWERSEC el qgjquﬁﬁqv%g%ﬁ(ﬁuphotocurable and thermosetting

10 resin composition characterized by comprising (A) the curable
resin mentioned above, .i.e. the curable resin obtained by
reacting an unsaturated group-containing monocarboxylic acid
(d) with a reaction'product (¢) of a compound having three or
more phenolic hydroxyl groups in its molecule (a) and an alkylene

15 oxide (b) and further reacting a polybasic acid anhydride (f)
with the resultant reaction product (e), or the curable resin
having the groups represented by the aforementioned formulas (I)
and(II):hlitssidechéins,(B)eaphotopolymerizationinitiator,
(C) a photosensitive (meth)acrylate compound, (D) an epoxy

20 compound, and (E) a diluent solvent.

In accordance with more concrete and preferred smbodiment
of the present invention, there is provided a photocurable and
thermosetting resin composition charactexized by further
comprising (F) a curable resin which has a carboxyl group and

25 an unsaturated group in its molecule and which is in the state
of s0lid at room temperature besides the aforementioned
components.

In accordance with a more preferred embodiment, it is

preferable that the photocurable and thermosetting resin
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ent invention _ _ .
flame-retardant, and an antimony oxide-bhased flame-retardant is

advantageously used.

Brief Description of Drawing
Fig. 1 shows the infrared absorption spectrum of the curable

resin obtained in Synthetic Example 1.

Best Mode for Carrying Out the Invention

The present inventors, after pursuing a diligent study to
solve the problems mentioned above, have found that a composition
obtained by the use of a curable resin which is obtained by
reacting an unsaturated group-containing monocarboxylic acid
{d) with a reaction product (¢) of a compound having three or
more phenolic hydroxyl groups in its molecule (a) and an alkylene
oxide (b) and further reacting a polybasic acid anhydride (f)
with the resultant reaction product (e) (particularly, a curable
resin obtained by the use of acrylic acid and/or methacrylic acid
as the unsaturated group-containing monocarboxylic acid and an
alicyclic dibasic acid anhydride as the polybasic acid
anhydride) or a curable resin having the groups represented by

the aforementioned formulas (I) and (II) in its side chains

apatden bNoxRd GARerRYe r aack i MNP EEPBEYbasi ¢
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I1on of a curéd product



excels in flexibility and el ongation ow ng to the chain extension 10 by an
addition reaction of the al kyl ene oxide (b) to the conpound havinguﬁﬂ&ﬁ?mﬁr
nore phenolic hydroxyl groups in its nolecule (a). Further, since
subsequent addition of the unsaturated group-containing nonocarbxylic acid
(d) and the addition of the polybasic acid anhydride (f) take place at end
hydr oxyl groups 15 caused by the additi;@gn reaction of the al kyl ene oxide, an
unsaturated group and a carboxylic group are not present in the sane side
chain and respectively located at the termnals of the side chains.

Ther ef or ellvite rtdsd npeedebsiom refcti viunedanprodubibiccseaskcahig enin such

al kal i -devel opability owng to the presence 20 of the end carboxyl groups
away froBFPRErHEEF @faifes LELADNREr st eSOL{laEdNghdgadsi PEBeseRdEteaR&i n a
hydrophiliﬁ and al coholic hﬁ&rOXé| %roup of Iom1reactivit% or cantai ns such
a group?fResi¥RBEsSarhRuntar IR P k BUPRE FadRFentl &k FIRT8el0r E8EM L, Sopoxy
acryl ate nndi&ie% w%%h gn Ci aq?ydr%?e i%.exceli i .251resis ance to

moi st ur e¥8BS8 Splgn. AECEFHET %ﬁ T At et e 8ﬁ§6§F€io&n€8 iM%g t he
af or nj. | r.abl e sing Wi a I.c salv. . .

phot g’ggl éir:rgg:égggggrﬁ i nEIuE'cl?at %r?ﬁ%’e%%g%%setr?}s&i t %@i?ﬁ@%‘é) g%:‘?%&a?%lggrrpolﬁlnd, an
epoxy reghiibifheio®Xhi bass Lxpekhert, Rpe A@%e%%% af kekhtdeve! ORE NGeen |
properties, photocuring properties, and thernosetting properties. when its
coating pertetsedel ectively exposed to light, devel oped, and finally cured,
there is obtained a cured product excelling in resistance to sol dering
heat, PCT 5 Fpsicdtfadnezelly adblesi veneble resiist amteche phesendl $nveatiistrance
to electroless gold plating, electrical insulating properties, resistance

t o noi st 8keeabsiot i idddy snAcelangahpesiavbid g@n’@hﬁrﬂl’kﬁglﬂ RELenssINe

oSl B AR BRI S U AP A (RIL nd PhEL SR,
used having three or more phenolic hydroxyl groups in its molecule
{a). Further, since the subsequent addition of the unsaturated
group-containing monocarbxylic acid (d) and the addition of the
polybasic acid anhydride (f) take place at end hydroxyl groups
15 caused by the addition reaction of the alkylene oxide, an
unsaturated group and a carboxylic group are not present in the
same side chain and respectively located at the terminals of the
side chains. Therefore, the resin excels in reactivity and
exhibits exceilent alkali-developability owing to the presence
20 of the end carboxyl groups away from +the main chain.
Furthermore, since the resin does not contain a hydrophilic and
alcoholic hydroxyl group of low reactivity or contains such a
group in a small amount, unlike the conventionally used resin
of epoxy acrylate meodified with an acid anhydride, it excels in

25 resistance to moisture absorption.
Accordingly, a curable resin composition containing the
aforementioned curable resin together with an organic solvent,
a photopolymerization initiator, a photosensitive

(meth)acrylatecompoumd,anepoxyresin,etc.exhibitsexcellent



I n conmbination with other resin fromthe viewpoint of workability. In order
to acquire good tack-free dryness wthout inpairing various progfghp§ﬂw%the
other resin, to be used in conbination should be just a curable Tesin i ch
has a carboxyl 15 group and an unsaturated group in its nolecule and which
is in the state of solid at roomtenperature. Accordingly, the photocurable
and thernosetting resin conposition Qﬁ_[he present invention containing
these two kinds of curable resins togegher wi th an organic solvent, a 20
phot opol yneri zation initiator, a photosensitive (neth)acrylate conpound, an
epoxy coapkahd, étveclerhingi t preresitiest, t pbktbcse iny ypespeaarnd ed kaland
devel opi ng properties. And al so, when its coating filmis selectively
exposed tbermgEettdageptppgrtdes . f Whaen jteweatinadilnssopediesdd valaur ed
filmexcelling in 25 adhesiveness,_ resistance to soldering heat, resistance

to chenf¥BP§ed iR ildgitocdebedrretyorrd £ ighild pramedy, there ke spiainas
lectrical insylati ies, etc. W f| ane-r et ardant _i
noor por AIGHE ST PHECEUPRBP L. LAB T EBRpOEAEREn thoRPEREd b ORRE oS | ent
flamy r e#é‘éﬂ@@%%éc% 5aﬁﬁ%s%9z0e§1és152, ’TP%’S %’&Aﬁ@érggdcﬁQmEQStlgo”B%“ts't%%ceE"e”
S ated Tnto t i én,

if the franme-re ardan ~ 1§ incorpor _ e conpositi ere’1's no
possi bi | t5Ye1 &b+ }-P8EEI §O15NS1d¢ 4 r@P@éEk@éai“FHsﬂia&%ﬂ?b%ﬁ%x&‘ie@' sture
absorption and heat resistance. 5 the curable resin of "the present

i nventi opegngdthhte &dr aldig0SE NalcOOPPEibhonegentaining it will be described
in detail below. First, the curable resin (A) of the present invention is,
as descri bedsdnoeea tbmposidlilos cesitia imevigd heh eugradups re®lir éprvdsentned by

t he above-nentioned formulas (1) and (11) in its side chains or the curable
resin obsufhedleghpdact hydroxgyl group will exhibit inferjor tack-free

10 dryness, however, it is preferable that this resin should be used
in combination with othér resin from the viewpoint of
workability. In order to acquire good tack-free dryness without
impairing various properties, the other resin to be used in
combination should be just a curable resin which has a carboxyl

15 group and an unsaturated group in its molecule and which is in
the state of solid at room temperature.

Accordingly, the photocurable and thermosetting resin
composition of the present invention containing these two kinds
of curable resins togéther with an organic solvent, a

20 photopolymerization initiator, a photosensitive (meth)acrylate
compound, an epoxy compound, etc. exhibits excellent tack-free
dryness and alkali developing.properties. And also, when its
coating film is selectively exposed to light, developed, and
finally cured, there is obtained a cured film excelling in

25 adhesiveness, resistance to soldering heat, resistance to
chemicals, resistance to electroless gold plating, PCT
resistance, electrical insulating properties, etc.

When a flame-retardant is incorporated into the curable

resin composition mentioned above, excellent flame retardancy



unsat urated group-containi ng nonocarboxylic acid (d) with a reaction
product (c) of a conpound having three or nore phenolic hydroxyl @%ﬁgﬁ?%gn
its nolecule (hereinafter referred to briefly 15 as "a pol yfunct

phenol i ¢ hydroxyl group-containing conpound”) (a) and an al kyl ene oxi de (b)
and further reacting a polybasic acid anhydride (f) with the resultant
reaction product (e). Each reaction isjgasily carried out in a solvent by
the use of a catalyst to be described herelnbelom/ 20 These reactions will
be described in detail below First, the reaction between the

pol yf unctiashkie pheasted mmwmp@ﬁmtp-cumt ﬁvmmgfcbh@oﬂrﬂine(-ayebmd@h‘e

al kyl ene oxide (b) will proceed as follaqws, for exanple, whe

pol y- p- hfé?dﬂﬁﬁ%ﬂQﬁﬁ¢%%dlnb@obpﬁeﬁemBﬁﬁdé%ﬂﬂalRﬁﬁFel#ﬁtﬂﬁaﬁQﬁ$%h%%th

reaction fornula chenmatica re nt t he case that the
ooy et AL oo BB ERERE Lt POGM M8/ Ft LERaNES: e 5 LT BRES! han

one equi Vg t X Ia 2) schemmti call represents the
case ?hat %i %ﬁi%@|%%§p§X¥52E%%§stéH Jecgeé to t he reac?ion gt the ratio

of ong equi vahsh! fhel L2 ERMY SEOUR. 0% RiAPR 2005, 13,308 oM (Bhe

schematical ly représents the case that the opy ene oxide (b) Is subjected
.to the reamtie ated Mg €8hp6sifioMit@inong equivialenie efeddsSilepPXyn

group, respectively based on one equival ent of the phenolic hydroxyl group
of the 5dedailuretlimmal - phenol i ¢ hydroxyl group-containing conpound (a).
HCR2-CHCH2 CH+ H2 G ] HCH3 OH OH OH HHCHZ CH-CH2---CH (1)
First, the curable resin (A) of the present invention is,
as described above, the curable resin having the groups

10 répresented by the above-mentioned formulas (I) and (II) in its
side chains or the curable resin obtained by reacting an
unsaturated group-containing monocarboxylic acid (d) with a
reaction product (¢) of a compound having thfee or more phenolic
hydroxyl groups in its molecule (hereinafter referred to briefly

15 as "a polyfunctional phenolic hydroxyl group-containing
compound") {a) and an alkylene oxide (b) and further reacting
a polybasic acid anhydride (f) with the resultant reaction
product (e). Each reaction is easily carried out in a solvent
by the use of a catalyst to be described hereinbelow.

20 These reactions will be described in detail below. Fii'st,
the reaction between the polyfunctional phenolic hydroxyl
group-containing compound (a.) and the alkylene oxide (b) will
proceed as follows, for example, when poly-p-hydroxystyrene and
propylene oxide are used. In the following reaction formulas,

25 formula (1) schematically represents the case that the propylene
oxide (b) is subjected to the reaction at the ratio of less than
one equivalent of its epoxy group, formula (2) schematically

represents the case that the propylene oxide (b) is subjected

to the reaction at the ratio of one equivalent of its epoxy group,



100 1 CH2 COHCH3 OHOHCHCHz CHCH2-CH ...... (2) 00011 i H2CH2CHZ

H CH3H -CH3C HHCH3 ICII OHOHOH R 5 APR 2005 -14 CH CH2---CH CH2-CH ... ...

(3) 000 fll H2CH2CH2 ClI H- CH3ClI H- CH3CI H- CH3 OHOH 1H2 CH-cH3 OH Nt APR H@h
reacti on of the unsaturated group-containing nonocarboxylic acid (d) to the
reaction product (c) of formula (1), (2), or (3) nmentioned above proceeds
as follows, for 5 exanple, when acrylicé?cid Is used. That is, when the

addi ti on Rtk

and formula (3) schematically represents the case that the
propylene oxide (b) is subjected to the reaction at the ratio
of more than one equivalent of its epoxy group, respectively
based on one equivalent of the phenolic hydroxyl group of the

5 polyfunctional phenolic hydroxyl group-containing compound {(a).

———CH—CHy— CH——CHy—CH——

d
OH CH OH

’

CH—CHy—CH——CHg=—CH——
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(|3 OH

10

~mon OHe— CHy~—CH——CHy— CH—

: ...... (2)
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CHy CHa CHa
ClH—CHa CH--CH;  CH—CH,
OH OH OH



of the propylene oxide (b) to the pol yfunctional phenolic hydroxyl

gr oup- cont ai ni ng conpound (a) takes place partially as shown in %QFAPR?%S
above-nmentioned formula (1), the addition of the unsaturated

gr oup- cont ai ni ng nonocar boxylic acid (d) to the 10 resultant addition
reaction product (c) will take place predom nantly at the hydroxyl group
possessed by the propylene oxide (b) added to the above-nentioned

pol yfunctional phenolic hydroxyl group-containing conpound (a) as shown in
the followwng formula (4). The addition of the unsaturated group-containing
15 monocar boxylic acid (d)—tecthecreachiestproduet (c) of the fornula (2)
will take place as shown in the followng forqula (5). Further, the
addi ti on of the unsaturated gfot gt &l ni N nocar boxyl i c aci d (d) to the
reaction product (c) of the Wi ke place as shown in the
followi ng formula =28, (6). G A 5 ( - H2C=CHOOOH (2) +.
H2C=CHCOOH {3) + HZC=CHCOCH a |- 15 - CH{--CH2 CH2-CH CH0"®Hz IHCH3 O

C=0 CO = CH CH

Next, the reaction of the unsaturated group-containing
monocarboxylic acid (d) to the reaction product (c¢) of formula
(L), (2), or (3) mentioned above proceeds as follows, for

5 example, when acrylic acid is used. That is, when the addition
of the propylene oxide (b) to the polyfunctional phenolic
hydroxyl group-containing compound (a) takes place partially as
shown in the above-mentioned formula (1), the addition of the
unsaturated group-containing monocarboxylic acid (d) to the

10 resultant addition reaction product (¢} will take place
predominantly at the hydroxyl group possessed by the propylene
oxide (b) added to the above-mentioned polyfunctional phenolic
hydroxyl group-containing compound (a) as shown in the following
formula (4). The addition of the unsaturated group-containing
15 monocarboxylic acid (d) to the reaction product (c) of the
formula (2) will take place as shown in the following formula
(5). Further, thé' addition of the unsaturated group-containing
monccarboxylic acid (d) to the reaction product {c) of the

formula (3) will take place as shown in the following formula

20 (6).



I 11 CH CHR HCH2 CHCH2-CHOH2 CIHCH3 0 | HCH3 OOiH2i =0 CI HCH3
|l H OCH2 C-OCH CH2 OH H2-CHCH2-CH O OHz HCH3 | C OH CHz gﬁéﬂ?)
D 5 APR 2505 -16 Finally, the reaction of the polybasic aC|d anhydrqgﬂ

to the reaction product (e) of formula (4) , (5 , or (6) mentioned above
proceeds as follows, for exanple, when tetrahydrophthalic anhydride is
used. Since the addltl on of the polybasjsc acid 5 anhydride will take place
predom nantly at the al coholic
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hydr oxyl group, the reaction will proceed as shown in the follow ng fornmula
(7), (8), or (9). However, the reaction will take place in various
variations depending on the addition ratio of the polybasic acid 23nErie.
10117 04 HCH3 0O IHCH3 OOCHCH2-CHCH2-CHO O HzZCH2 CH2j CHO0=0
C ,G-OH-CHCHR2-CHCHR2-gHOH O (8) 0CH2 IHZ iH2 A -CH3 C -CH3 CH CH3
OO00CO0 GO GC _G-0HCHCH I I G005 APR 205 -17 CH CHZ CHCHZ CH
o

Finally, the reaction of the polybasic acid anhydride (f)
to the reaction product (e) of formula (4), (5), or (6) mentioned
above proceeds as follows, for example, when tetrahydrophthalic
anhydride is used. Since the addition of the polybasic acid

5 anhydride. will..take place predominantly at the alcoholic
hydroxyl group, the reaction will proceed as shown in the
following formula (7), (8), or (9). However, the reaction will
take place in various variations depending on the addition ratio

of the polybasic acid anhydride.
10
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it C s) +0/ 7000 1fHRHR CH OIHOHB CHCcH3 CTHCH3 0 CH2 C=0
0=C~ CGCOHCHCH3 3C OOH2. GO CHCH2 As the pol yfuncti onal phﬁg%bkﬁmﬁ
- hydroxyl group-containing conpound (a), a condensation product of
phenolic conpound and an aronatic al dehyde conpound having a phenolic
hydroxyl 5 group, a condensation product of an al dehyde conpound and

pol y- p- hydroxystyrene or 1,2-, 1,3-, 1,4, 1,5, 1,6-, 2,3-, 2,6- or

2, 7- di hydr oxynapht hal ene, a condensati on product of a nononapht hol,

di hydroxynapht hal ene nenti oned above,  ,and an_ al dehyde conpound, a

. c ~——{Ha—
condensati on product of nono- or di hyH%o ynapht fal ene and a xyl yl ene
gl ycol conpound, an,addition productQf nops:_or di<hydroxynaphthal ene and
a di ene conpound, tc. _pay be citeut 5 N stricted to these
conpounds. The golgﬁnal:pheno yd g cont ai ning conpound
menti oned above i n¢l ud ilhose havi ngi a phenolic 1% hydroxyl
gr oup- cont ai ni ng ar gmat 6 ring or a drocarpon skebeton bondé&d®o the

phenol i ¢ hydroxyl gFoup-cont ai ni ng agomat i cgling, é@gh containing a
functional group which contains a hdlogfn atom 0&%99”1 ni trogen, sulfur,
etc., for S AR L

| c|[’ 1 2
CHa =0 0= o—0OH
c::H—CHa %H CS
o CHz )
-
L
,

As the polyfunctional phenolic hydroxyl group-containing
compound (a), a condensation ﬁroduct of a phenolic compound
and an aromatic aldehyde compound having a phenclic hydroxyl

5 group, a condensation product of an aldehyde compound and
poly-p~hydroxystyrene or 1,2~, 1,3-, 1,4-, 1,5-, 1,6-, 2,3-,
2,6~ or 2,7—dihfdroxynaphthalene, a condensation product of
a mononaphthol, dihydroxynaphthalene mentioned above, and an
aldehyde compound, a condensation product of mono- or di-

10 hydroxynaphthalene and a xylylene glycol compound, an addition
product of mono- or di~hydroxynaphthalene and a diene compound,
etc. may be cited, but it is not restricted to these compounds.

The polyfunctional phenolic hydroxyl group-containing
compound mentioned above includes those having a phenolic

15 hydroxyl group-containing aromatic ring or a hydrocarbon
skeleton bonded to the phenolic hydroxyl group-containing
aromatic ring, each containing a functional group which
contains a halogen atom, oxygen, nitrogen, sulfur, etc., for
example, a halogen group, an ether group, an_ester group, a

20 carbonyl group, a hydroxyl group, an aldehyde group, an amino



exanpl e, a hal ogen group, an ether group, an ester group, a 20 carbonyl
group, a hydroxyl group, an al dehyde group, an amno 0 5 APR 2005 -1& 3ﬁﬁ§ﬁﬁ
an am de group, a nitrile group, a nitro group, a thiol group, a th é g
group, and a heteroaromatic group such as a pyridyl group and an i m dazol e
group. Anong ot her pol yfunctional phenolic hydroxyl group- 5 containi.ng
conpounds enuner at ed above, the condensgtion product of a phenolic conpound
represented by the following general formula (l111) and an aromati c al dehyde
conpound having a phenolic hydroxyl group proves to be desirable. OH CH .
(1'11; 1grdOp+—aY) akiBe gro@y) & mbherile RoXp, Ya rkitam gndigve & Rdvisdne
meani ngs as nentioned above. As the ghenolic conpound, the conpounds
represenG&@Wy h&hiothay M jeperddidrhgitererypnatde axamy sugthésol |
o-cresol, mcresol, p-cresql, o-bronophenol, m bronmophenol, p 15

br omopheRoPYTtd¥A PHEMDI 2DFr 8Py ARl HKSHP phenol , hexyl phenol, octy

phenol , nonyl_ phenol , .etc. e cjted. .Further,. phenyl phenol, cunyl

phenol , etc. M Pe UIEE dﬁfﬁqu?% o381y BAGAGNMEFn ﬁYﬁﬁﬁggﬁenHEOEPﬁydrogen

atom or | kyl. gro V] bo ns, d [ a

hydr o%en%gtn%r%l&élr%}i h%% 0 %ndlpcg‘cf o%ﬁﬁé?%ge&gr o%%(?‘lt"g’ al Egﬁydéogg%géﬁgto%avi ng a

phenol i ¢ hyd@Ylosr a phenolic compound represented by the following
general formula (LIT) and an aromatic aldehyde compound having

a phenolic hydroxyl group proves to be desirable.

OH

CH CH = (I

_\
s
_\

<
&

R | 2 | X RO 2 ] X
AN KU
Ho Sy K Ho Sy, K

wherein R, X, ¥, k and m have the same meanings as mentioned above.

10

As the phenolic compound, the compounds represented by the
following general formula (IV), for example, phenol, o-cresol,
m-cresol, | p-cresol, o-bromophenol, m-bromophenol, p-

15 bromophenol, ethyl phencl, propyl phenol, butyl phénol, hexyl
phenol, octyl phenol, nonyl phenol, etec. may be ¢cited. Further,

phenyl phenol, cumyl phencl, etc. may be used.

OH

o

20 X R
wherein R represents a hydrogen atom or an alkyl group having

1 to 18 carbon atoms, and X represents a hydrogen atom or a halogen
atom.
Asthearomaticaldehydecompoundhavinge1phenolichydroxyl

25 group, the compounds represented by the following general



25 group, the conpounds represented by the follow ng general 0 5 APR 2aa5
-19 formula (V), for exanple, hydroxybenzal dehyde, nethoxy 05 APR 2005
hydr oxybenzal dehyde, di nmet hoxy hydroxybenzal dehyde, salicyl al dehyde, etc
may be cited. 5 ...(V) HO (Y)k wherein Y represents an al kyl group or an

al koxy group each having 1 to 18 carbon atons, and k is an integer of 0, 1,
or 2. 10 The condensation product of t phenol i c conmpound and the aronmatic
al dehyde conpound havi ng a phenolic hydroxyl group nentioned above is
obtained by the reaction thereof at the ratio of 0.1 to 3.0 nols,

pref er ablfgriuldat o @vp, noEsrof dxmmpbe} er hiyalroxybartabiiehpdef or merthaxst he
presence of an acidic catalyst (that 15 is usually used as a catal yst for

t he prodbytiroxybenzalslatimke, such disnethexul aci dsydirksybedrzedladrvide acid
and sulfuric acid, organic acids |ike oxalic acid and toluenesulfonic acid,
and ot herldcgdmpildedyide s£%%8) BaYabeempércst-ure in the range of 80 to 250C,
preferably 100 to 180C for 1 to 6 hours. 20 The ratio of addition of the

al kyl ene oxide (b) to the polyfunctional phenolic hydroxyl group-containing
conpound (a) nentioned e is preferred to be in the range of 0.5 to 10.0
nol s,5nore preferably I'Q"to 6.0 nols per one equival ent of a phenolic
hydr oxyl group of the p unctional.cghenol i ¢ hydroxyl 25 group-containing
conmpound (a) nentioned e. If this ratio is less than 0.5 nol or nore
than 10.0 nols, the rggul tayy carboxyl group-containing curable resin (A
will suffer froman undesirable deciine in phot ocuring properties and

t her noseishieRe inpY @RIHd R t SHht AEKY 1 Wittum ol arerinet:dr gadtp(ddch haadded to
the o 1 to 18 carbon atoms, and k is an integer of 0, 1, or 2.

10 The condensation product of the phenolic compound and the
aromatic aldehyde compound having a phenclic hydroxyl group
mentioned above is obtained by the reactibn‘thereof at the ratio
of 0.1 to 3.0 mols, preferably 0.3 to 1.5 mols of the latter to
one mol of the former in the presence of an acidic catalyst (that

15 is usually used as a catalyst for the production of a novolak,
such as mineral acids like hydrochloric acid and sulfuric acid,
organic acids like oxalic acid and toluenesulfonic acid, and
other organic acid salts) at a temperature in the range of 80
to 250°C, preferably 100 to 180°C for 1 to 6 hours.

20 The ratio of addition of the alkylene oxide (b) to the
peolyfunctional phenolic hydroxyl group-ceontaining compound (a)
mentioned above is preferred to be in the range of 0.5 to 10.0
mols, more preferably 1.0 to 6.0 mols per one equivalent of a
phenolic hydroxyl group of the polyfunctional phenolic hydroxyl

25 group-containing compound (a) mentioned above. If this ratio
islessthan0,5molornwrethanlo.ﬂmols,theresultantcarboxyl
group-containing curable resin (A) will suffer from an
undesirable decline in photocuring properties and thermosetting

properties. Further, when a flame-retardant (H) is added to the



0 5 APR 2005 -20 curable resin conposition, the conposition will suffer from
an undesirable decline in heat resistance and resistance to noisture
absorption. The addition reaction of the al kyl ene oxide (b) to the §%H§m%
pol yfunctional _. phenolic hydroxyl group-containing conpound (a) ig carried
out in the presence of, for exanple, an alkali netal conpound such as

sodi um hydr oxi de and pot assi um hydroxi de, or a quaternary basic salt

conmpound such as trimethyl benzyl ann03?0n1hydroxide, t et ramet yl amoni um

hydr oxi de, and 10 tetraetylannnniun1hj roxi de, or a mxture of the al kal

metal conpound and the quaternary basic salt conpound, by the use of an
or gani ¢ suInAdnkte sgstimsoanohbsionkethetegmpes hyiorevdheé, sufferoficg@nane,
and net hyl i sobutyl_ketone, and aromatic hydrocarbons |ike toluene, xylene,
and t et r ARAGRATHeH efEC k8 5 I nPREY sBEFEALaBC S haBe chbapLERaAECEat t]
tenperature in the range, ,of 80 to 180C under a pressure in the range of
normal pPESSH et%Pﬁ%QRB}BHQ. As the al kyl ene oxide (b), ethylene oxide,

provylene oxgs oBivieRe pildeiohobileneipnidne (e P e, | 20

t et r ahydr of uran, ran, etc.” may Aron al kyl' éne
oxi deg e@mﬂfﬂf&%f, 1Ay 0% f'cS’J?Yl cgp%(l@aﬂtgih_daﬁ bohybgRR pXi de,
and i sobutylene oxi de ﬁﬁbve to bgﬂﬁart cJﬁgrl desiyaplegfron?the y?e oi nt
of reactijy byrrilel baactihobhkeppesahbecos! tbe &simpiléi cahi HTk4seacheoal of
25 the reaction product (c) of the polyfunctional phenolic hydroxyl
gr oup- corfoaipang canows @d iamdhyleoalikyl and @oitdes Sigm igdrothee, or
unsat urated group-containing nonocarboxylic acid (d) is preferred to be in
t he appr éxi gudterangy obasact 0sab0dC campoundaciuan sy prdesesdhyideerzykduced
pressure, under normal 0O 5 APR 2995 ) .

ammonium  hydroxide, tetrametylammonium hydroxide, and

10 tetraetylammonium hydroxide, or a mixture of the alkali metal
compound and the quaternary basic salt compound, by the use of
an organic solvent such as ketones like methyl ethyl ketone,
cyclohexanone, .and methylisobutyl ketone, and aromatic
hydrocarbons like toluene, xylene, and tetramethyl benzene, or

15 amixed solvent of these compounds, at a temperature in the range
of 80 to 180°C under a pressure in the range of normal pressure
to 10 kg/cm®.

As the alkylene oxide (b), ethylene oxide, propylene oxide,
butylene oxide, isobutylene oxide, trimethylene oxide,

20 tetrahydrofuran, tetrahydropyran, etc. may be cited. Among
other alkylene oxides enumerated above, ethylene oxide,
propylene oxide, butylene oxide, and iscbutylene oxide prove to
be particularly desirable from the viewpoint of reactivity.

The reaction temperature of the esterification reaction of

25 the reaction product (c) of the polyfunctional phenolic hydroxyl
group-containing compound (a) and the alkylene oxide (b) with
the unsaturated group—containing monocarboxylic acid (d) is

preferred to be in the approximate range of 50 to 150°C. The

reaction may proceed under reduced pressure, under normal



-21 pressure, and under pressure as well. In this esterification reaction,
t he anbunt of the unsaturated group-containing nonocarboxylic acid (d) is
preferred to be in such an addition proportion that the double bofid AFR 1003
equi val ent of the produced 5 curable resin of _.the present invention falls
in the range of 300 to 700. As a reaction solvent, an aromatic hydrocarbon
such as toluene, xylene, and tetranet@y benzene may be advantageously
used. These solvents may be used either“singly or in the form of a mxture
of two or nore nenbers. As a esterification 10 catalyst, sulfuric acid,

hydr ochl griessacteal, phdsphdercpaesdnrebasowetli.f | dar 'rtdhei,s resttreaneit 4 0hon
acid, benzenesul fonic acid, p-toluenesulfonic acid, cation exchange resins,
etc. may I@@Cts]tﬁﬁablt)h%sé@ouﬂi'e &ft et cHpFahUTadad oﬂﬁ@%@%‘??b@lﬂﬁ be

carried out in the presence of _a pol yrrerl zation inhipitor. 15

pol yner i ?‘é’tf’iod?rﬁli”t?ﬂﬁ %%rach‘}d?%uﬁcﬁf’ee %¥ﬁ9| to h%rbm%#aean Iﬁ/‘%‘ﬁbﬁh‘?ﬂone
nonomet h eth r. chol be adv eousl d. As
oo ea st “HRE s DiaRBTel Hand  SandPhn et R ot R e e EE e

(d) mentiQne ﬁﬁb%‘é SiPEEYEAE Qentﬁprpggﬁ{;‘f ﬁyféfl CiIE”thCé 9%1?% P%‘:éf(j’eyl

ci nnam ¢ aci cyanocl nn C acl yryl acry

acrylic ag ggogt CAsn@yrei)@tfbﬁeéBlMB?IQﬁr@fo ﬁé"t‘if‘&fchEsEHB §98Plaé§“ ng

nonocar boxylic acids cited above, acrylic acid and/or® nethacrylic acid

prove totheaudasd ; abliedd omrdde etireiRaiintl Herdd¥n@ mdypHdleBathddtusly
phot ochem cal reactivity and the properties of the cured product,

parti cul asled .heahesesisstlarae;s elsgctire amled ienisil et |s1gng)lpp@rtlnsl;hanfbrm
resi stance to noi sture absorption. These unsaturated group-containing
nmonocar b&fy|d clRa&tds eyt béwousd BetRermeNpgly - or Ash ahesftamabicat WXt ure

f I APR 1 22
© tﬂ? Oca%%f%é%i Fifggfc acid, hydrochloric acid, phosphoric acid,

boron trifluoride, methanesulfonic acid, benzenesulfonic acid,

p-toluenesulfonic acid, cation exchange resins, etc. may be

suitably used. The esterification reaction is preferred to be

carried out in the presence of a polymerization inhibitor. As

15 the polymerization inhibitor, hydroguinone, methyl

hydroquinone, hydroguinone monomethyl ether, catechel,
pyrogallol, etc. may be advantageously used.

As typical examples of the unsaturated group-containing

monocarboxylic acids (d). mentioned above, acrylic acid,

20 methacrylicacid,crotonicacid,cinnamicacid,cx—cyanocinnamib

acid, f-styrylacrylic acid, £ -furfuryl acrylic acid, etc. may

be cited. Among other unsaturated group-containing

monocarboxylic acids cited above, acrylic acid and/cor

methacrylic acid prove to be desirable from the viewpoint of the

.25 influence on the photochemical reactivity and the properties of

the cured product, particularly heat resistance, electrical

insulating properties, and resistance to moisture absorption.

These unsaturated group-containing monocarboxylic acids may be

used either singly or in the form of a mixture of two or more



menbers. The curable resin (A) of the present invention is obtained by
reacting a polybasic acid anhydride (f) with the reaction product §E% ?E

t heaf orenenti oned reaction product (c) and the 5 unsaturated 0 R 2005
gr oup- cont ai ni ng nmonocar boxylic acid (d). In this reaction, the anount of
use of the polybasic acid anhydride (f) 1is preferred to be in such an
addition proportion that the acid vahggéof the produced curable resin falls
in the range of 30 to 150 ng KOH g, preferably 30 to 120 ng KOH g. If
the acid 10 value of the curable resinis less than 30 ng KOH g, it wll be
defici enfmembesgd Lbility in an aqueous al kaline solution and the coating
filmfornmed therefromw ||l be developed only with difficulty. Conversely,
the acid val UBhexamesahhy dédi my( QO T thes prots gntefigrrenit ber als eoliteinedt | ng
filmwll be developed even 15 in the surface of the exposed part without
referenc@ﬂxiqaﬂilnﬁwmlP®bﬁba§ﬁ0tﬁ@h@qﬁﬁhﬁdﬂldﬁe(féawﬂﬁ@nﬁhﬁ|ﬁ#aQﬂh®@ in
the presence of an organic solvent to be described hereinafter and in the

pr esence FEOBICHJI§heth ZdigarP T HREBF £8P CduERags IRRIMIRAHOhe( @hdP RS yefeR, 20

I t t t th t f 50.t th
et o g TR S S e SREL TS LRSG 2 22480 (00 pal AL S

t I h

uat o P T 30 U 350 S W 05K SN ﬁ“ﬁﬁ‘%%gﬁﬁo@é
conpound l%uﬁ;?e%%rtﬂédp%n}éla 2R &E@ﬁ% NRIdRYibe rt9ohhenkeachs L M xture
as a catalyst. As the polybasic acid anhydride (f) nentioned above,
al i cycl i #adiveasifctael graghydd dagadlehras inTebhylst enr ahydrapbehafi 0 to

anhydride, tetrahydrophthalic anhydride, hexahydrophthalic anhydride, 0 5
APR 2005 1523 mge Kyll/lyex aloydr epietffertalel mnhy dro die2 0 magli KOBAGydrifie;hs, &:id

10 value of the curable resin is less than 30 mg KOH/g, it will be
deficient in solubility in an aqueous alkaline solution and the
coating film formed therefrom will be developed only with
difficulty. Conversely, the acid value exceeding 150 mg XKOH/g
is not preferred because the coating film will be developed even

15 in the surface of the exposed part without reference to the
conditions of the exposure.

The reaction is performed in the presence of an organic
solvent to be described hereinafter and in the presence of a
polymerization inhibitor such as hydroquinone and oxygen,

20 usually at a temperature in the approximate range of 50 to 150°C.
In this reaction, as occasion demands, a tertiary amine such as
triethylamine, a quaternary ammonium salt such as triethylbenzyl
ammonium chloride, an imidazole compound such as 2-ethyl-4-
methylimidazole, and.a phosphorus compound such as triphenyl

25 phosphine may be added to the reaction mixture as a catalyst.

As the polybasic acid anhydride (f) mentioned above,
alicyclic dibasic acid anhydrides such as
methyltetrahydrophthalic anhydride, tetrahydrophthalic

anhydride, hexahydrophthalic anhydride,



endonet hyl enet et r ahydr opht hal i ¢ anhydri de,

nmet hyl endonet hyl enet et rahydr opht hal i ¢ anhydri de, and tetrabronophtjiakfRc7005
anhydride; aliphatic or aromatic, dibasic or 5 tribasic..acid . _anhydrides
such as succini c anhydride, maleic anhydride, itaconic anhydride,

oct enyl succi ni ¢ anhydri de, pentadodecenyl succinic anhydride, phthalic
anhydride, and trinellitic anhydride; @nd aliphatic or aromatic tetrabasic
acid dianhydrides such as. biphenyl-tertacarboxylic dianhydride, 10

di phenyl ether-tertacarboxylic dianhydride, butane- tertacarboxylic

di anhydr madhydyod:opend sophtbaldcar eovhyidideli anhgdiizde aninyrdomisde i ti g, 6-
anhydri de, and benzophenone- tetracarboxylic dianhydride may be cited. These
pol ybasi engeimethintgueteesahudrophided id t her singly or in tHROEMIMGE,a 15
conbi nati on of two or nore nenbers, Anong other polybasic acjd anhydrides

cited ab®REhyAgndrmetehyl snsretzahydy MRk pr ove@ P dFd-Ifar t i cul 2Rty

desi bl e. .A ph bl e, i it be f | d.,b .

dost obl A RIS AL PSSl MRS 11 80, B B, LOLM L Bhc oo
with .p@@%ﬂ%@ﬂﬁﬁ%éf&l&ﬂ@gﬁ@%jéﬁ‘%u%ﬁ)a%”%d%%&&’cpﬁﬁh?a%waéjtﬁ%f%£83“re
to actiniCc- energy rays. rtable I'Tght “sources which are used for the

purpose QihnRELILUN it ddiBic CHMRPATiAB, ar 8clehQWsRIRSIHIE TRITGHIYiJapor
| anp, a medirum pressure nmercury vapor |anp, a high-pressure nmercury vapor

| anp, 25pamtddodeddgftpiessnie nenhydy iviagor phamal iac Xenthydaide, anghd@
metal halide lanmp, for exanple. Also, a |aser beam may be used as the
acti ve emerigelilaysic Ashyhe iglegt apdladnephaiai ¢ or anonpatiort¢Brabhsicexaindl e,
benzoi n and al kyl ethers thereof such as benzoin, benzoin nethyl 0 5 APR
2005 - 24ddembdydrjalemi susthypsetivbphennd -bernzoicatibsupr by | ddamdiydride,
At e ey e AL OPOS NS kB 1T YA 40U e,  butane-
tertacarboxylic dianhydride, cyclopentane-tertacarboxylic
dianhydride, pyromellitic anhydride, and benzophenone-
tetracarboxylic dianhydride may be cited. These polybasic acid
anhydrides may be used either singly or in the form of a
15 combination of two or more members. Among other polybasic acid
anhydrides cited above, aliéyclic dibasic acid anhydrides prove
to be particularly desirable.
A photocurable resin composition may be formulated by
compounding the above-mentioned curable resin of the present
20 invention with a photopolymerization initiator (B) and can be
photo-cured by exposure to actinic energy rays. Suitable light
sources which are used for the purpose of photo-curing the
composition are a low-pressure mercury vapor lamp, a medium-
pressure mercury vapor lamp, a high-pressure mercury vapor lamp,
25 an ultra-high-pressure mercury vapor lamp, a xenon lamp, and a
metal halide lamp, for example. Alsgc, a laser beam may be useq
as the active energy rays.

As the photopolymerization initiator (B), for example,

benzoin and alkyl ethers thereof such as benzoin, benzoin methyl



acet ophenone, 2, 2-di et hoxy-2-phenyl acetophenone, and 1, 1-

di chl or oaoet ophenone; am noacet ophenones such as 2-nmethyl-1 5 05 APR 2605

[ 4- (et hyl it hio)_pJenyl]-2-norphol i no-am nopropanone-1, 2-

benzyl - 2- di met hyl ami no- 1- (4- nor phol i nophenyl ) - but ane-1 -one, and

N, N- di met hyl ami no- acet ophenone; ant hraqui nones such as

2- met hyl - ant hr aqui none, 2-et hyl ant hraquignone, 2-t- butyl ant hraqui none, and
1- chl or oant hr aqui none; thi oxanthones 10 such as 2, 4-di net. hyl t hi oxant hone,

2, 4-di et hyl t hi oxant hone, 2-chl or ot hi oxant hone, and

2, 4- di i s6phedFyl t hrBradthoabhyRet @FBergucinds hangophedspppet hygthetal and

benzyl dinethyl ketal; diner of 2,4, 5-triaryl imdazole, ribof]lavin
tetrabut?F&F@,hﬁﬂﬂﬁﬁsc§ﬁﬁghna§fﬁﬁfﬁﬁghﬁgﬂﬁﬁcap?0%@9%@@?@85&7%‘3?%&?1

mer capt oQenzoxazol and 2- nercapt obenzof hi azol e; 4, 6- tris-S-triazjne,;
organic ﬁgleoé’é’%'eg@%pedun%%s%he 320@,' 2?29%?19? ro%%%%‘%%ﬁgpogﬁd t%%ro ijat hyl
phenyl syl; : &y aWS %%e*%%@ﬁfé%ikﬁd@é'e 4r-methyl-1-

bi s(di et ;%2%?%63 enzop enone’ or xgﬁthope . 2,4,6 2%§§ﬁi%gtﬁ Pgén oyl

di phepyl [phqaRRIRA S &4 F1 1 1RYmBe phioli8Go - alhESep ¥ehhnkAewn ,and wixel y
used photopol ynerization initiators mnay be used either singly or in the
form of BefizylH2e difmd vy DeninoOL &~ rerherphodri dapideyl ) Absoaheratoma WM th a
photo-initiator aid such as tertiary amnes like N, IT 25

(di net hybadi nd) B+ dyhbthydamd ndNatet(apnetdye am ao) hsaanyhberzoatech as
pent hyl - 4- di met hyl am nobenzoate, triethyl am ne, and triethanol am ne.

Fur t her , 2amethyd o adhpeemd, such ad-COhY g ihraduénose /G ba Spdetalty

Chenicalg Inc.) .and the |ike which exgjbit ahsorption D 5 APR 20 -25 in a
vi si bl e PB&YGA HLRNKRY 1 3PP r St OTvd WERPREF TRERSANMONER

phot gpol yirge! 2aLi 0p §nikihate 1, Al LREAEY 19, 4 182PRVL ERYLYArIIIBHINGS
enuner at éd ‘above. Ahy conpounds I'C
2-chlorothioxanthone, _an_d 2,4-—diisopropylthioxanthone; ketals
such as acetophenone dimethyl ketal and benzyl dimethyl ketal;
dimer of 2,4,5-triaryl imidazole, riboflavin tetrabutylate,
thiol compounds such as 2—merca_pt0benz imidazole, 2=

15 mercaptobenzoxazole, and 2-mercaptobenzothiazole; 2,4,6-

tris-S~triazine; organic halogen compounds such as 2,2,2-

tribromoethanol and tribromomethyl phenyl sulfone;
benzophenones such as benzophenone and 4,4~
bis(diethylamino)benzophenone or xanthones; 2,4,6-

20 trimethylbenzoyl diphenyl phosphine oxide, etc. may be cited.
These well known and widely used photopolymerization initiators
may be used either singly or in the form of a mixture of two or

more members, or further in combination with a photo-initiator

aid such as tertiary amines like N,N-
25 (dimethylamino)ethylbenzoate, N,N-
| (dimethylamino)isoamylbenzoate, © penthyl-4-

dimethylaminobenzoate, triethyl amine, and triethanol amine,.
Further, a titanothene compound such as CGI~784 (product of Ciba

Specialty Chemicals Inc.) and the like which exhibit absorption



absorb light in the ultraviolet region or visible region and 5 cause radical
pol yneri zati on of the unsaturated groups such as (neth)acryl oyl groups may
be used either singly or in the form of a combination of two or nmopg ApR 200
menbers irrespective of the photopolynerization initiator or the o
photo-initiator aid. The preferred conbinations of the photopol ynerization
10 initiators include the conbinations of 2-nethyl-I-[4-

(et hyl t hi 0) - phenyl ] - 2- - nor phor i no- ami.pgpr opanone--1 with 2, 4-

di et hyl t hi oxant hone, 2-isopropylthi oxanthone, or 4-benzoyl 4'-nethyl di phenyl
sul fide, for exanple. The amobunt of the aforenenti oned_ photopol ynerij zation
15 initiafloP FBFE%%?(ﬁ%ﬁ%qnuﬂﬁﬁuﬁ%r¢¢ﬁ?ﬁaE%rPﬁPEOF§ ded phegadhgnicake
total ampunt  t.hereo i ncorporated.in the Coggosition 5{5 desired to

b
be i hECREIE he' BhOSeRRIRIETLZ Sic O 10 L HTaT BF abF S0t 51 1L 89 8 t & by
i , . i | ] hi hal.d d
for 1 Lfe i %ﬁ%%éﬁiﬁ?ﬁéérﬁp%néé' %&é@??%ﬁsﬁh%ﬁ%?ﬁa??%ﬁf”oqmz%%t'ﬁ%ar Pl esin
o Kpr . : e
(A or fugpbery hlegélq slztgﬁagvmgﬁe&aeflo&%% @%ﬂi@ﬁgﬁ%ié%ugnfﬁﬁftﬁgdbé

to be incorporated is e above rang conmposi ti on I'l" no
phot gz ur edyRy kaHAELA! pen fordl AR GF VMR PhdaBar At réﬁﬂi@dé@éﬁ% time
shoul d be prol onged, and the proper film25 properties w1l be obtained only

wi th di f {mettht)nergdmer sploups enen bd dshed phiaiipolyimglgadt oin ithd iR i S
added to the conposition in a |arge anobunt exceeding the range nmentioned
above, th€ eomuyusinanion| bfndwoatadmimofar membensprioveespectnvet k€ the
photo-curing properties and such a large ampunt is not 0 5 APR 2665 -26

desi r abl BhpEeRPLNEedAmM Tl 1L BhpbPEt OTARdEh & PHut bRERSAEPYeald.

(et h)acryl ate conpo he anorporatﬁgeinto t he ﬁurabLe resin -

nd
conposi Li on OPS hEERIEEERT FRILHTABES| 88 1 FBeabRNBERERLYBRE ZeLr i o
resify (A ,309,t0s include the combinations of 2-methyl-1-{4-

(methylthio)-phenyl]-2-morphorino-aminopropanone-~l with 2,4-

diethylthioianthone, 2-isopropylthioxanthone, or 4-benzoyl-
4'-methyldiphenyl sulfide, for example.

The amount of the aforementioned photopolymerization

15 initiator (B) (in case the photo-initiator aid is used together,

the total amount thereof) to be incorporated in the composition

is desired to be in the range of 0.1 to 30 parts by weight,

preferably 0.5 to 20 parts by weight, based on 100 parts by weight

(as a solid content, this holds good for the same expression to

20 be described hereinafter) of the curable resin (A or further F).

If the amount of the photopolymerization initiator (B) to be

incorporated is below the above range, the composition will not

be photocured by irradiation of an actinic energy ray or the

irradiation time should be prolonged, and the proper film

25 properties will be obtained only with difficulty. Conversely,

even if the photopolymerization initiator is added to the

composition in a large amount exceeding the range mentioned

above, the composition will not attain further improvement in

the photo-curing properties and such a large amount is not



5 photopol ynerizat.ion initiator (B) to inprove the photo-curing properties
thereof. As the photosensitive (neth)acrylate conpound (C), any PR 1005
phot osensitive (neth)acryl ate conpound having one or nore (neth) acﬂrEyP F
groups in its nolecule and assunmng a liquid 10 state, sem -solid state, or
solid state at normal room tenperature may be used.. The photosensitive
(meth)acrylate conpound is used for thg; purpose of exalting the

phot ochem cal reactivity of the flane-retardant, photocurable and
thernosetting resin conposition. The photosensi t| ve 15 (neth)acryl ate
conpound dﬁl’ﬁléﬁvlb]se|f\r<?fhethﬁqapén§ﬂ‘d{0@1atvwmlntﬁ oom tenperature wll play
the role of adjusting the f - ret ardant hot ocur abl e and therm)settl ng

resin conposittehled PgﬁEﬂsﬁnﬁéé}ﬂéf@ sk jatsi ¢pPeupgr (§) v]&fi‘yl P@

met hod of, applicat nd ai di enhancing the solubilit th

Conposi ¢ ISP SR EGTIe bl AT i i Bees LEREROF phRE PATSERtl ti ng
t he phot 14yl f 0 th u o] he
phot osensq}l ve{j?dnet%cc%%lé e%gén%un%@%%égsgﬂﬁlaﬁggfﬁggﬁ qwﬁgj gﬁ%t%h%lt

nor ek 1 pHBUABRAAM Lok lof 1hREARLBEOYR) kS HalpRI S Gndias AL Ahe
produced coating Tilm25 does not easily acquire necessary tack-free dryness
and t endgprdpehames titigereproperti es degraded. The anount of the

phot osensitive (neth)acrylate conpound (C) to be incorporated into the
conposi tion i%s deber gthdatodeng htitie r(arateh phctPlavtebongarind by CWei gimy
preferably 15 to 50 parts by weight, based on 0 5 APR 2005 -27 100 parts by

wei ght of® st BV e edie iR Qﬁrﬂd@’tﬁﬁerccmpoumﬁe hajsngf ang sC€orfRYAd in
t he abaove range .is not preferable because th g

a | arge anount exceedi
t ack- freémc?rt;;ﬂéaé:srlb]foléfc‘ééf’}lﬁﬁ AT A gy WPlSEU&&gr Jas§uRdingh@ liqul
phot ?@en%'ttﬁt\é% (n%tmh) ascc{J}llc?t tcaqc@ounodr(gdl c?r state at normal room
temperature may be used. The photosensitive (meth)acrylate
compound is used for the purpose of exalting the photochemical
reactivity of the flame-retardant, photocurable and
thermosetting resin composition. The photosensitive
15 (meth)acrylate compound which is in the liguid state at normal
room temperature will play the role of adjusting the flame-
retardant, photocurable and thermosetting resin composition to
such a degree of viscosity suitable for a varying method of
application and aiding in enhancing the solubility of the
20 composition in an aqueocus alkaline solution besides the purpose
of exalting the photochemical reactivity of the composition.
However, the use of the photosensitive (meth)acrylate compound
{C) assuming the liquid state at normal room temperature in a
large amount is not preferred, because the produced coating film
25 does not easily acquire necessary tack-free dryness and tends
to have their properties degraded. The amount of the
photosensitive (meth)acrylate compound (C) to be incorporated
into the composition is desired to be in the range of 10 to 60

parts by weight, preferably 15 to 50 parts by weight, based on



exanpl e, hydroxyl group-containing acrylates such as 2- hydroxyet hyl

acryl ate, 2-hydroxypropyl acrylate, pentaerythritol triacrylate, and

di pentaerythritol pentaacrylate; water-soluble acrylates such as 035 APR 2
pol yet hyl ene 10 gl ycol diacrylate and pol ypropyl ene gl ycol diacrylate;

pol yfunctional polyester acrylates of polyols such as ‘trinethyl ol propane
triacrylate, pentaerythritol tetraacryjqte, and di pentaerythritol
hexaacryl ate; acrylates of ethyl ene oxide adducts and/ or propyl ene oxide
adducts of 15 polyhydric al cohols such as trinethyl ol propane and

hydr ogendt0dd pazitsphenwe Lahgr ofothrydnirebpigenesd ns(dhosstbrsphend) - A Bine

bi phenol ; pol yfuncti onal or _npnofunctional pol yurethane acrylates which are
af or ementdisshed haf SQRPERBAPLR chil@itsichgmoaaty PEreedind thedcwys range

i socyanat.,e; epox crylates which are 20.(neth)acrylic acid adducts.p.

bi sphenol S aFg e SHAD £ RS T S AT A S REHEr A BGP SR rage BEImr or
phenol nQwgl.a e in, and nethacrylates corresponding to the
acrylategﬁgéhﬁﬁ%régé%ﬁggoVe may be cited. These compounds may be used

ei theg singl ya®rthe theod 08 8hef +2veonhdel | 98- 91 1L W0 UmbNifq 23 CYEDES S
Anong ot her conpounds cited above, polyfunctional (neth)acryl ate conpounds

havi ng t \wxaeip Iy € HyBidRPLT Ydbyhp-gbatpinihd heidryi eesll esudh oves t oz be
particul arly desirable. The curabFe resin (A) of the present invention or

t he ot hehydmmatdthyesi n (& riydalte describeydeorypabpgil can karmylraide si ngly
0 5 APR 205 -28 or together with a radically poiynerizable cross-Ilinking
agent skemt@ertthrieobr ot Ferigsh baedsi t | valdhet h) ddppndaestipouiel by a
heat pol ynerization net hod using _an organi c_peroxide, an azqQ conpound, etc.

or by a EEFAFAEIFSat Vehekethodt s ngCarlates, G R pér Holget e
Prompgor g15%d1"® QL8N FaRE O LolYbropRSRyPel?oale: wiilMiate;
' polyfunctional polyester acrylates of polyols such as |
trimethylolpropane _ triacrylate, pentaerythritol
tetraacrylate, and dipentaerythritel hexaacrylate; acrylates of
ethylene oxide adducts and/or propylene oxide adducts of

15 polyhydric alcohols such as trimethylolpropane and hydrogenated
bisphenol A or polyhydric phenols such as bisphenol A and
biphenol; peolyfunctional or monofunctional polyurethane
acrylates which are aforementioned hydroxyl group-containing
acrylates modified with isocyanate; epoxy acrylates which are

20 (methj)acrylic acid adducts of bisphenol A diglycidyl ether,
hydrogenated bisphenol A diglycidyl ether or phenol novolak

epoxy resin, and methacrylates corresponding to the acrylates
enumerated above may be cited. These compounds may be used

either singly or in the form of a combination of two or more

26 members. Among other compounds cited above, polyfuncticnal
(meth)acryléte compounds having two or more (meth)acryloyl

groups in their molecules prove to be particularly desirable.

The curable resin (A) of the present invention or the other

curable resin (F) to be described hereinafter can be cured singly



per oxy- 2- et hyl hexanoat e, henzoyl peroxi de, cycl ohexanone peroxide, nethyl

et hyl ketone peroxide, bis-4-t-butyl cyclohexyl peroxydicarbonatewgghg i@ﬁy
be cited. As the azo 10 compound, azobi sisobut;yronitrile etc. my } 108y
These organic peroxides and azo conpounds nay be used either singly or in
the f ormof a conbination of two or nore nenbers. The anount of these
conpounds to be used may be in the conwgntionally used range, generally in
the range of 0. 1 to 10 parts by weight, based 15 on 100 parts by wei ght of
the curable resin (A or further F). As the pronotor, any known conpounds
such as p&l yedeshempish asahdichilly peilyaesizedga Faras;limkingfagenal t,
iron, nmanganese, etc., and organic am nes, |ike dinmethylaniline,

di et hyl afiin@s HEYBPRE R NHEOENGEHRAGTLFETS Ltehte (MAFHAGRER B nBindi ngl y
or in the formof a conbination of

t r mpre _nenbers.. An epoxy.conpound
(D) may BY AnBSATPRISEe AR rHet ehBadi LPERO: 85 SR ATIE S0l ¥ r esin
conposi ti %Q&{ ] r.a r esi : t,.d i on
and to ir?%r%o&gg% Sl?c'h\@[ﬁd;'ptec{i?ibzaagbrq'gsﬁéllgﬁc(:é?) Zg%%ﬁéﬁﬁgg e%l%ﬁﬁgﬁﬂPCT
resisgang%gghf%(ﬁgfgk{dén&ﬁ@eéeggomekkgqugh the anmount of the epoxy
conpound (D) to be incorporated”in the conposition as a thernosetting
conponent cams bghéedrguhtabpyrésiend ng-mitfhepdseagbeakzobhe cammsiyion, 0
5 APR M _29 generally it is proper to be set in the range of 5 to 100 parts
by wei ghpelrasgd 2eretlfil pexssobewel dienodyl heplearceniets | onegclalreaddoresi n
(A). As the epoxy conpound (D), bisphenol A type epoxy resins 5 represented
by _EPI KEREOFigie EP| KEFEYS34, e ey KOTKeon1le ap¢roRAdEesTE PG4 dprioduviadl by
Japan Epoxy _Resin Co., Ltd,, EPICLON 840, EPICLON 85(Q, EPICLON 1050, and
EP| CLON g@ggo&qﬁﬁhxﬁpqﬂxydlcarbonate, etc. may be cited. As the azo

10 compound, azobisisobutyronitrile etc. may be c¢ited. These
organic peroxides and azo compounds may be used either singly
or in the formof a combination of two or more members. The amount
of these compounds to be used may be in the conventionally used
range, generally in the range of 0.1 to 10 parts by'weight; based

15 on 100 parts by weight of the curable resin (A or further F).

As the promotor, any known compounds such as polyvalent metal
salts like octoate, naphthenate, etc. of cobalt, iron,
manganese, etc., and organic amines like dimethylaniline,
diethylaniline, p-toluidine, ethanolamine, etc. may be used

20 either singly or in the form of a combination of two or more

.members.

An epoxy compound (D) may be incorporated into the.
composition to formulate the curable resin composition together
withthecurableresin(A)cﬁfthepresentinventionand1x>improve

25 such properties as resistance to soldering heat and PCT
resistance of a cured film thereof.

Although the amount of the epoxy compound (D) to be
incorperated in the composition as a thermosetting component can

be set suitably depending on the useage of the composition,



Dai ni ppon I nk and Chem cals Inc., Epo Tohto YD-011, YD-013, YD 127, and
YD- 128 produced by Tohto Kasei Co., Ltd., and 10 Sum - epoxy ESA-011,

ESA- 014, ELA-115, and ELA-128 produced by Sumtono Chenical Co., tSdAPR(dmﬁl
trade nanes); brom nated epoxy resins represented by EPI KOTE YL9 produced
by Japan Epoxy Resin Co. , Ltd. , EPICLON 152 and EPI CLON 165 produced by
Dai ni ppon Ink and Chemicals Inc., Epqgphto YDB-400 and YDB-500 produced by
15 Tohto Kasei Co., Ltd., and Sum -epoxy ESB-400 and ESB- 700 produced by
Sum tonmo Chemical Co., Ltd. (all trade nanes); novol ak type epoxy resins

r epr esentgemaxra 2n KOTE s1pXopst ERI keTEet15n phedusadebgLiaphd Epdxsaresi n
Co., Ltd., EPICLON N-73Q, EPICLON N-770, and EPI CLON N-865 produced by

Dai ni ppo®Yl e 2BegRdnPaalld | Rartgpby TR MDARE 76 eaderamantinne

pr oduced %g;gglhto Kasej_Co., Ltd., EPPN 201, EOCN 1025, EOCN- 1020,

EOCN- 1048 € REZHS iﬁbduced by Ni ppon Kayaku Co., Ltd., and Suni-epoxy

nars) . bi SpShar e CoBe cpaipord A8 ol CuheBRE o S3vepralisy B bauces

by £ Ni e@ﬁ% Ngygq, E G 8 pr y an Xy
Res?rais @E%%Etéf%%r}g %’O‘ To too%é Y%IZZ§17§%§%72?4én%%0iégrﬁddu%g% by
Toht o KageirrGar 1ldoh pAcidcdd ase RpES) Epby¥yr Rashat ed .bi spenolrpkdnme
epoxy resins represented by Epo Tohto ST?ZO 4, ST-2007, and ST-3000
produced8@os APRCAN -850, bgpTehon Kasei, Gmd HPICLOH| kobbageodanes) by
glycidylam ne type epoxy resins represented by EPI KOTE 604 produced by
Japan Ep&ajnipesim Ik, andd Chemdeaight boyH, 43poprsthieedYBy 0tdht ¥kl » Co. ,

Ltd., and Sum_-epoxy ELM 120 produced by Sum tono Chem cal Co., 5 Ltd.
(al | .traéf@:&&r?es)?nél YOrdiZ% BEBIYCREsiBg Feptesfieaingo el Lbdr de b1

ot nihe. EYBE GO Poa e Tr bl eofhy- V3 3nr Bracde b maie R, T

Resin Cogyplitdmo chemical Co., Ltd. (all trade names); brominated epoxy

resins repres ented by EPTRKOTE YL903 produced by Japan EpoxXy Resin
Co., Ltd., EPICLON 152 and EPICLON 165 produced by Dainippon Ink
and Chemicals Inc., Epo Tohto YDB-400 and YDB-500 produced by
15 Tohto Kasei Co., Ltd., and Sumi-epoxy ESB-400 and ESB-700
produced by Sumitomo Chemical Co., Ltd. (all trade names);
novolak type epoxy resins represented by EPIKOTE 152 and EPIKOTE
154 produced by Japan Epoxy Resin Co., Ltd., EPICLON N-730,
EPICLON N-770, and EPICLON N-865 produced by Dainippon Ink and
20 Chemicals Inc., Epo Tohto ¥YDCN-701 and YDCN-704 produced by Tohto
Kasei Co., Ltd., EPPN-201, EOCN~-1025, EOCN-1020, EOCN-104S, and
RE-306 produced by Nippon Kayaku Co., Ltd., and Sumi-epoxy
ESCN-195X and ESCN-220 produced by Sumitomo Chemical Co., Ltd.
(all trade names); bisphencl F type epoxy resins represented by
25 EPICLON 830 produced by Dainippon Ink and Chemicals Inc., EPIKOTE
807 produced by Japan Epoxy Resin Co., Ltd., and Epo Tohto
YDF-170, ¥YDF=-175, and YDF-2004 produced by Tohto Kasei Co., Ltd.
(all trade names); hydrogenated bisphenol A type epoxy resins

represented by Epo Tohto ST~2004, ST-2007, and ST-3000 produced



and EPPN-501 and EPPN-502 produced by N ppon Kayaku Co., Ltd. 10 (all trade
nanmes); bixyl enol type or biphenol type epoxy resins or mxtures thereof
represented by YL-6056, YX-4000, and YL- 6121 produced by Japan EpdhyAReHln
Co. , Ltd. (all trade nanes) ; bisphenol S type epoxy resins represented by
EBPS- 200 produced by Ni ppon Kayaku Co. ; Ltd. , EPX-30 produced by Asahi
Denka Kogyo 15 K. K. 1 and EXA-1514 produged by Daini ppon Ink and Chem cal s
Inc. (all trade nanes); bisphenol A novol ak type epoxy resins represented
by EPI KOTE 157S (trade nane) produced by Japan Epoxy Resin Co., Ltd.;

t et r apheiyl Bohdohias ety pfe -epbky - ré@ﬂﬂstrﬁdﬁraemﬁﬁéd Qﬂﬂﬂ@dgiﬁmbﬁBEtﬂpitrade
nanme) produced by Japan 20 Epoxy Resin ; heterocyclic epoxy resins

repr esenteé’éPXByre?EPlSCr(fPrﬁéé?nﬁ@r?ePYpEBaﬁggﬁ 694 NPERARC EARY cTAPa MALTHY es

Lt d. di gl ycidyl phthalate resin represented BLEMVER- trade nane)
produced Bo¥ i pforr BHA -anFPeaLohGe THASL R@@%@#@&iﬂﬁohw%ﬁﬁ& & trane

resi ns r resent ZX- 106 uced b ohto Co. ,
ed | nafeta 8k %,r%bp688ﬁr3r%r-$95e%§g§&?8§‘%ﬁ R PP AR o0 and
ESN- 3 du b S L d . HP- 4750
and %XAE' %qu;%(ric}dheggﬁgo%érﬁ p;%n b1 dg%ﬂx r,g l & rlép(rdﬁ%rade
nartes) ;. cd1ayalieReNbagiIons cokeleet AnEOnt Prchs AP0 rwlra,elo % HARR 2005 -
31 represent ed by HP-7200 and HP-7200H produced by i ni ppon Ink and

Chem cal gntnetr(iald, triadle; namesydrokyphedynyiem@diyhat eypeoppbxyerdsips epoxy
resins represented by CP- 508 and CP-50M produced by N ppon Ol and Fats
Co., Ltdrepalelsemtade hmﬁﬁs—)933armff511¢©©@l?ﬁeﬂﬁpaepﬁx’?xﬂfemi@f Co., Ltd.

cycl ohexyl nal ei m de and cidyl nethacrylate may be cited. However, the

epoxy coﬁfﬁéuﬁa’Pﬁsf’r@d{ an Pé\H‘—”tQ)2 t?ﬂé%‘éu‘éﬁﬁr@}’aﬁéﬁpgﬁoﬁéyaﬁ\]e%’ -ap@f r esi ns
my B Y599 £LLAe"2hog)y blxyfe {900 OF 13 SRIRL N O oty Y i A" ©
or mixtures thereof represented by YL-6056, ¥X-4000, and YL-
6121 produced by Japan Epoxy Resin Co., Ltd. (all trade names);
bisphenol S type epoxy resins represented by EBPS-200 produced
by Nippon Kayaku Co., Ltd., EPX-30 produced by Asahi benka Kogyo
15 K.K., and EXA-1514 produced by Dainippon Ink and Chemicals Inc.
(all trade names); bisphenol A novolak type epoxy resins
represented by EPIKOTE 1578 (trade name) produced by Japan Epoxy
Resin Co., Ltd.; tetraphenylol ethane type epoxy resins
represented by EPIKOTE YL-931 (trade name) produced by Japan
20 Epoxy Resin Co., Ltd.; heterocyclic epoxy resins represented by
TEPIC {trade name} produced by Nissan Chemical Industries Ltd.;
diglycidyl phthalate resin represented by BLEMMER-DGT (trade
name) produced by Nippon 0il and Fats Co., Ltd.; tetraglycidyl
xylenoyl ethane resins represented by ZX-1063 (trade name)
25 produced by Tohto Xasel Co., Ltd.; naphthalene group-containing
epoxy resins represented by ESN-190 and ESN-360 produced by
Shinnittetsu Chemical Co., Ltd. and HP-4032, EXA-4750, and
EXA-4700 produced by Dainippon Ink and Chemicals Inc. (all trade

names); dicyclopentadiene skeleton-containing epoxy resins



10 A diluent solvent (E) is used for the purpose of dissolving the curable
resin and the epoxy conpound nentioned above and adjusting the viscosity of
the conposition to a | evel suitable for a coating nmethod. The %g?gg%zwﬁ t he
di luent solvent suitably falls in the approxi mate range of 10 t parts
by wei ght, based 15 on 100 parts by weight of the total weight of the solid
content of the curable resin (A or further F) and the solid content of the
epoxy conpound (D) and may be set at a“suitable anount depending on the
ki nd of method adopted for the application of the conposition. 20 As the
di | uent seprestntE)d HyoHRXENN eandaiPre308Hchraduceslt byl hliyligpetrormskand
cycl ohexanone; aromatic hydrocarbons such as toluene, xylene, and
t et ramet Bpd hremeihealgl yod. estdls traddh nemest)hyl gtpridydneshapumliate
cell osolve, nethyl carbitol, butyl carbitol, propylene ghécol nononet hyl

n
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petrol euggalhy l%t%lggf%eo%tirt@cﬁunh%%%rer, Reld @ %Qgid?ﬁxd hydrgenat ed
ol ven d. “Thes

pet rol eum napht ha, an t naphtha may be cit sol vents may be
used eithemnisieaghty tdodd dlitndPLe@f aBolbXt UrRe8k EWBx9’ réBiasREReL® 5
Next, another curable resin (F) which is advantageously wused in the

phot ocur abké aibthébes tgky tamd or ehenf eompoSiat conbiokttiltm pfeseator meemwt i on
shoul d be just a curable resin which has a carboxyl group and an
unsat ur amesbgreup in its nolecule and which is in the state of solid at

room tenperature, as 10 descri bed above. _As such a curable resin, for
exaﬁH]e, a A diluent solvent (E) is used for the purpose of dissolving

the curable resin and the epoxy compound mentioned above and
adjusting the viscosity of the composition to a level suitable
for a coating method. The amount of the diluent solvent suitably
falls in the approximate range of 10 to 300 parts by weight, based

15 on 100 parts by weight of the total weight of the solid content
of the curable resin (A or further F) and the solid content of
the epoxy compound (D) and may be set at a suitable amount
depending on the kind of method adopted for the application of
the composition.

20 As the diluent solvent (E), for example, ketones such as
methylethyl ketone and cyclohexanone; aromatic hydrocarbons
such as toluene, xylene, and tetramethyl benzene; glycol esters
such as methyl cellosolve, butyl cellosolve, methyl carbitol,
butyl carbitol, propylene glycol monomethyl ether, dipropylene

25 glycol monoethyl ether, dipropylene glycel diethyl ether, and
triethylene glycol monoethyl ether; esters such as ethyl
acetate, butyl acetate, butyl cellosolvé acetate, and carbitol
acetate; alcohols such as ethanol, propanol, ethylene glycol,

and propylene glycol; aliphatic hydrocarbons such as octane and



curabl e resin obtained by.adding an acid anhydride to a reaction product of
a novol ak type epoxy conpound with an unsaturated group-containing
nmonocar boxyl i ¢ acid, a curable resin obtained by reacting 3 APR 2003
t et rahydrophthalic anhydride with a reaction 15 product of a novol ak type
epoxy resin, dinmethylol propionic acid, and acrylic acid (JP 5-324490A), a
curabl e resin obtained by reacting tqQﬁﬁpydrophthalic anhydride with a
reaction product of a novol ak type epoXy resin, acrylic acid, and
p- hydr oxyphenetyl al cohol (JP 11-288091A), a curable resin 20 obtained by
react i ngdepiama ;ohwadid npwittrie lamwml collotand;s seswridaras hypdrod ewgn owgtlodr a
reacti on product of an aromatic epoxy resin having two glycidyl groups in
i ts nol epalt&odimmaRapdydat hy drassmted Radhin, Ieim ﬁ@ﬁwc’phe’#&iil iS® toxyl
groups in its nolecule and then addi ng. an unsat urated group-containﬁgﬁ 25
t

nmonocar b&RPIE R ERY BRICEEBLequEREFG SALRERES RRY e dETD ST &R

ti d , i nyl L btained b ti | at f
e poxycycPonaRaRd ARG ( ORLERTRE 8T TCI oot RAr act ut ed by
¢ Shom g o ( ‘ I Y.
no 0.5 ot yl U ARHTOGHES  qubhBrk, YebLal () Mn R e By i JELSRETY | ©
2- hydroxygklyhn fRENARLYHRLS 1Y @Rl M g PMls PRUERSE 81 doRY

Dai cel Chem cal Industries, Ltd.) (JP 8-41150A), a vinyl copol yner

obt ai nedolBytheagteBgnepouyeneliohexburet Byl jastyhaterébe PeeXanphech

Cycl oner A200 manufactured by Daicel Chemical Industries, Ltd.) with a

vi nyl copekyaecanboregilhacoypi andcad umsasliteratadr granponr- rbdifiokdcule

2- hydroxyet hyl nethacrylate nodified with succinic acid (Plaxcel FMLA
manuf act 8pddwiichDaiteln ChbRi 8&RTEN@fst59bbd 2Edroom) tEMPB-PBUSRAARS et C.

may 10 be cited. Fbwgver, t he ot her curabI% resin js not limted to those
enu a EGSSE gd above. As such a curable resin, for example, a

curable resin obtained by .adding an acid anhydride to a reaction
product of a novolak type epoxy compound with an unsaturated
group—containingmﬂnocarboxylicacid,eacurableresinobtained
by reacting tetrahydrophthalic anhydride with a reaction
15 product of a novolak type epoxy-resin, dimethylol propionic
acid, and acrylic acid (JP 6~324490A), a curable resin obtained
by reacting tetrahydrophthalic anhydride with a reaction
product of a novolak type epoxy resin, acrylic acid, and
p~hydroxyphenetyl alc.ohol (JP 11—288091A), a curable resin
20 obtained by reacting epihalohydrin with an alcoholic,
secondary hydroxyl greoup ¢f a reaction product of an aromatic
epoxXy resin having two glycidyl groups in its molecule and an
aromatic alcoholic resin having two phenolic hydroxyl groups
in its molecule and then adding an unsaturated group-containing
25 monocarboxylic acid and subsequently an acid anhydride to the
resultant reaction product, a vinyl copelymer obtained by
reacting an acrylate of epoxycyclohexane methanol (for example,
Cyclomer A200 manufactured by Daicel Chemical Industries,

Ltd.) with a vinyl copolymer of methacrylic acid, methyl



In a preferred enbodi nent of the photocurable and thernosetting resin
conposition of the present invention, although the aforenentioned curable
resins (A) and (F) may be 15 incorporated into the conposition at ﬂén&PR 1005
conpounding ratio depending on the purpose of use, it is desirable that the
conpounding ratio of the curable resin (F) to the curable resin (A) should
be 70:30 to 30:70 and that the acid valgae of the mxture should be in the
range of 30 to 150 ng KOH g, preferably 40 to 20 110 ng KOH g. If the acid
val ue of the m xture after conmpounding of the curable resins (A) and (F) is
| ess t hanel3basyyk@¥ey, it awdl | bdafans-anedifiisedl ubi 13+yydroanetuéous

al kaline solution and the coating filmfornmed therefromw || be devel oped
only wi t Retdpravd@ts (fesnesrsely, Phaxg&ldFial nanefasédirsg PEoPAHCREH g 25
i S not prﬁfenr%gxbec use the coa%iFg filmwll be devel oped even, in the
surface GPEMHE e i thoul fEFefefdd 208 ihé tFRRLB S he
exposure, I, r, ri cat e or, p of

o oot ngPERATRe Y ofBeraeh ShdRherShp Rkl SR a3t EE bR 2005
- 34 0@@85%@&;813“3._&&%&%&“ Mt ﬁng)nd&d)aﬁé&u' | oL EFt 1 Meh gl ur ther
i mproving t properties of the solder resist such’as Tresistance to

sol der i ngnhgatrid@hesirness tarRd vieSiIs e Jnter &l EGldth LS8y pobdapiating. 5
The amounta,f the curing catalyst (G to be incorporated in the conposition

is prefespad o -RagroldiersnagRoal f0e0l bOhydrdigidihfly WetdcryDite
preferably 0,1 to 15 parts by weight, baseg on 100 parts by weight of the
epoxy compdafidedDwitgnt fvaednighdrid 10PAsxclRd diilAgneatdlapdruneg  byor
exanpl e, imdazole _derivatives such as 2MZ, 2E4MZ, Cll1z, Cl17Z, 6 2PZ, 1B2MZ,
2NZ- ON, D2EZRE- SRENEFeE- ERAUSPZIER, DPAZ- &) O EN&D 2 ORARM - CRES - may

10 be c¢ited. However, the other curable resin is not limited to
those enumerated above. .

In a preferred embodiment of the photocurable and
thermosetting resin composition of the present invention,
although the aforementioned curable resins (A) and (F) may be

15 incorporated into the composition at any compounding ratio
depending on the purpose of use, it is desirable that the
compounding ratio of the curable resin (F) to the curable resin
{(A) should be 70:30 £to 30:70 and that the acid value of themixture
should be in the range of 30 te 150 mg XKOH/g, preferably 40 to

20 110 mg KOH/g. If the acid value of the mixture after compounding
of the curable resins (A) and (F) is less than 30 mg KOH/g, it
will be deficient in solubility in an aqueous alkaline solution
and the coating film formed therefrom will be developed only with
difficulty. Conversely, the acid value exceeding 150 mg KOH/g

25 is not preferred because the coating film will be developed even
in the surface of the exposed part without reference to the
conditions of the exposure.

Further, a curing catalyst (G) may be used for the purpose

of promoting the reaction between the curable resin and the epoxy



2PZ- CNS, 2Mz- AZI NE, 2E4AMZ- AZI NE, Cl1Z- AZI NE, 2NA- OK, 2P4NHZ 2PHZ, 2P4BHZ,
and 1B2PZ manuf actured by Shi koku Chem cals Co., 15 Ltd. guananlng% mqpm%as
acet oguanam ne and benzoguanam ne; pol yam nes such as dlanlnodlphenyl
nmet hane, m phenyl ene diam ne, mxylyl ene di am ne, di am nodi phenyl sul fone,
di cyandi am de, urea, urea derivatives, melamne, and polybasic hydrazide;
and organic acid salts and/or epoxy adepls t hereof; 20 am ne conpl exes of
boron trifluoride; triazine derivatives such as ethyldlanlno S--triazine,
2,4-di am no-S-triazine, and 2,4-diam no-6-xylyl-S-triazine;, tertiary am nes
such as CORPRETI Eﬁﬁn@ur@ﬂBE@ﬁbﬁéysﬁn{ﬁé l&dH@ﬁﬁ#ﬁﬂlﬁwlmn%ﬁf%ﬁﬁ¥ﬁﬁ in
N-benzyldlnethyl .amne,, pyridine, hol i ne, 25 hexa(n-nethyl)
mel ani ne FUFLAes. tlFI}EE’:GYW ﬁﬂ%rﬁ’ﬁb@%ﬁb?? oLt EBPaﬁQtlFFﬁr él?érﬁstﬁ r?élChar?c?
such

h | | YRh I h h I h
br o do. *ERGRSFRER, SEaR? fda%ls“cxaq GrehertthabiPERES 0P B FE eI
as trlbuEXECtE%%%gyiﬁ? Q@fﬂé phosphine, and tris-2-cyanoethyl 0 5 APR

1005 - 35 phosphi ne; nium salts such as tri-n-butyl (2, 5- _
di hydy oxyphemyd r&i&ﬁm@%ﬁ%ﬁéoah%n@n@afﬁw@@y{é jipyt ¥k ipbesplenivem

chl oride; quaternary anunonium salts “such as benzyltrinethyl amoni um

chl ori deiandhphebyiplosiialiion iampre ferbedhtor bdeinAnhpdiragie® off tohe lpalgybasic
aci ds nentioned above; photo-cationic polynerization catalysts such as

di phenyl 25i pdobsubyt weighkuomober ptre fetalphedyll duwl flonipants by weight,

hexaf | uor oanti nonate, 2,4,6-triphenyl thiopyrilium hexafl uorophosphate,

| RGACURED26 dn@R Uk 4@ taatad by eepghtoopelee @R%mmmrgd 1 (Y. me&ﬁéoaﬁdorrer
SP-170 nagufactured by Asahi Denka Co.., Ltd.; styrene-naleic anhydride
resin; aft®®&fui nol ar reaction product of phenyl i socyanate and

dlngﬁpylanlnas e%ﬂ'”Déurln8a0é£€Q19é%d“f&? Off InEth%La ne‘umldazole
derivatives such as 2Mz, 2E4MZ, Cl11%, cl7z, 2PZ, 1B2MZ, 2MZ-CHN,
2E4MZ-CN, C112-CN, 2PZ-CN, 2PHZ-CN, 2MZ-CNS, 2E4MZ-CNS,
2PZ~CNS, 2MZ-AZINE, 2E4MZ-AZINE, Cl1Z-AZINE, 2MA-0OK, 2P4MHZ,
2PHZ, 2P4BHZ, and 1B2PZ manufactured by Shikéku Chemicals Co.,

15 Ltd.; guanamines such as acetoguanamine and benzoguanamine;
polyamines such as diaminodiphenyl methane, m-phenylene
diamine, m-xylylene diamine, diaminodiphenyl sulfone,
dicyandiamide, urea, urea derivatives, melamine, and polybasic
hydrazide; and organic acid salts and/or epoxy adducts thereof;

20 amine complexes of boron trifluoridé; triazine derivatives
such as ethyldiamino~s—triaziné, 2,4-dilamino-S8-triazine, and
2,4-diamino-6-xylyl~S-triazine; tertiary amines such as
trimethyl amine, triethanol amine, N,N-dimethyloctyl amine,
N-benzyldimethyl amine, pyridine, N-methyl morpholine,

25 hexa(n-methyl) melamine, 2,4,6-tris{(dimethylaminophenol),
tetramethyl guanidine, and m-aminophenol; polyphencls such as
polyvinyl phenol, polyvinyl phenol bromide, phenocl novolak,

and alkylphenol novolaks; organic phospines such as tributyl

phosphine, triphenyl phosphine, and tris-2-cyanoethyl



and an organi ¢ pol yi socyanate such as tryl ene diisocyanate and 15 i sophorone
di i socyanate, and other well known and commonly used curing agents or
curing pronoters may be cited. These curing agents or curing pronoters may
be used either singly or in the formof a conbination of two or ridr &PR 2005
menbers. Any flanme-retardant which has been heretofore added to a 20 resin
to be used in elecrical equipnent can be used as the flane-retardant (H)
which is to be incorporated into the _imtocurable and thernosetting resin
conposition of the present invention without limtation. Among ot her

flame-retardants, a hal ogen-hased flame-retardant, a phosphorus-based fl ane
25 ret ar PRSP an BRPFRBAP-MEseF 3 EFre- PBERr d&Rt pbbbenrBuUbEl (greferabl e

f he vi i f ibility with in _h i . Th
amount o eyt AT RARe Bhap e L PR B o A e AR B Y R OBRESS ti on
i ' fil t R 200 i ght

br efor ab SRty B dad BuatRoRA? QyRpbRtul 9pl 28 AP B he
total weirghizyoft 8ot fh GeMAEMuRlHIE i fdbabl ﬁhéﬁ?hﬂr(i’ﬁu?j"yl‘z %@Bﬁguﬁ]e

menti oned above and a solid content of the epoxy Conpound.

anmouny ofchlhe iRd] amthyRt pddand e (i gelyisas et eiabonentiebhicanaborange, the
fire retardancy, resistance to soldering heat, and electrical insulating
propert i ghadfo-tdes t@sia earipositinat doer cadvaly ageousigh balsandéghenyd hi gh

| evel . As the hal ogen-based flanme-retardant, hal ogenated 10 aronmatic
conpounds-osigeiuas hexdirondbbageaborpésrabr omda@tiphienpbnzenesulfonium
hexabronnbiphenyu; decabr onodi pheny hexabronndighenyl oxi de,

oct abr omB&*SHeRA Qﬁﬂ?&ﬁonﬂEEabronng%ﬁ%eﬁytrbﬂhﬁéy tribr cFdPPBRYLLERTCi dy!
ether,  HLOTRANGN A YEE! & 1 RERVLERS HB1S WA R AIPR0SRY! BLMekina
10 Specialty Chemicals Inc., and Optomer SP-170 manufactured by
Asahi Denka Co., Ltd.; styrene-maleic anhydride resin; an
equimolar reaction product of phenyl isocyanate and
dimethylamine, equimolar reaction products of dimethylamine
and an organic polyisocyanate such as trylene diisocyanate and
15 isophorone diisocyanate, and other well known and commonly used
curing agents or curing promoters may be cited. These curing
agents or curing promoters may be used either singly or in the
form of a combination of two or more members.
Any flame-retardant which has been heretofore added to a
20 resin to be used in elecrical equipment can be used as the
flame-retardant (H) which is to be incorporated into the
photocurable and thermosetting resin composition of the present
invention without limitation. Among other flame-retardants, a
halogen-based flame-retardant, a phosphorus-based flame-
25 retardant, and an antimony-based flame-retardant prove to be
preferable from the viewpoint of compatibility with resin, heat
resistance, etc.
The amount of the flame-retardant (H) to be incorporated

into the composition is generaliy in the range of 1 to 200 parts



15 et hyl ene-bi s-p entabronophenyl ether, tetradecabronodi phenoxy benzene,
oct abr ononapht hal ene, bis(tri bronophenyl) fumaram de, and N-neggggmzﬂs
hexabr onodi phenyl am ne; hal ogenat ed bi sphenol s such as tetrabr isp%enol
A and derivatives thereof [for exanple, 20 tetrabronobi sphenol

A-bi s(hydroxyet hyl ether), tetrabronobi sphenol A-bis(2,3-dibronopropyl
ether), tetrabronobi sphenol A-bis(brongethyl ether), tetrabronobisphenol
A-bis(allyl ether), etc.], tetrabronobisphenol S and derivatives thereof
[for exanpl e, 25 tetrabronobi sphenol S-bis(hydroxyethyl ether),

t et r abr oobiveplaino) Sxefstab3ydbbtomddr gyt etiheryeieht), bakadogandtdédd epoxy
resins such as brom nated epoxy resin; hal ogenated _aromatic polynmers such

as bronm PRES R yahaten ot o rotale ¥ sdapivdn 6rd sk cod tegttominided

I bonat e, d 0.5 APR 2005 -37 I t ab I late; ..
Iﬁ%( ogenart ot Eyter LS ﬁénﬁaurf‘gg@ﬁo%_ipﬁgn) fodid hdve il & Boria
Di ol s A GOR RSP Eon e feRT X1 CRUESHEL LB 41 offdn: CAFeAGOM 6t - tAE™
X abs NGl QAU ARG | P APEOTRP INACE AU S A0flea’lPhyd! HeR
t her eof or exanple, tetrabronophthalimde,

et hyl ene-fl3i& kRitai-MEPNtRAY i ffe dL sbil deliStd 2edt, and electrical
di bronopropyl - 1) -i socyanurate, etc. nay be cited. As the phosphorus-based

f | ame- r etiarsddindt il ogerpekd icant abdi Nngtiphosplaiin f | awdpoetiarident sagech as
tris(chl oroethyl) phosphate, tris(2,3-dichloropropyl) phosphate,

tris(2- chidsraogragsdys phobphaneedt aits @ @-gtrioeropk opyl ) phosphat e,
tris(bronochl oropropyl). phosphate, 2, 3-dibronopropyl -2, 3-chl oropropyl
phosphat e, 153§ri§(¥%ib?%%%ﬁﬁ@n???eﬁhos%%%@%rr?E?§@@W5ﬁ0ﬁDBﬁéﬁ?P?at9d

10 aromatic compounds such as hexabromobenzene, pentabromoethyl
benzene, hexabromobiphenyl, decabremodiphenyl,
hexabromodiphenyl oxide, octabromodiphenyl oxide,
dgcabromodiphenyl oxide, tribromophenyl glycidyl ether,

tribromophenylacrylate, ethylene-bis-tribromophenyl ether,

15 ethylene-bis-pentabromophenyl ether,
tetradecabromodiphenoxy benzene, octabromonaphthalene,
bis(tribromophenyl) fumaramide, and N-methyl-
hexabromodiphenylamine; halogenated bisphenols such as

tetrabromobisphenol A and derivatives thereof [for example,

20 tetrabromobisphenol A-bis(hydroxyethyl ether),
tetrabromobisphenol A-bis(2,3-dibromopropyl ether),
tetrabromobisphenol A-bis(bromoethyl ethery),
tetrabromobisphenol A-bis(allyl ether), etc.],

tetrabromobisphencl S and derivatives thereof [for example,
25 tetrabromobisphenol S-bis (hydroxyethyl ether),
tetrabromobisphenol 8-bis(2,3-dibromepropyl ether), etc],
halogenated epoxy resins such as brominated epoxy resin;
halogenated aromatic polymers such as brominated polystyrene,

brominated polyphenylene oxide, brominated polycarbonate, and



phosphate, and tris(tribrononeopentyl) phosphate; and non- hal ogen type
flame-retardants such as aliphatic phosphates |ike trinethyl pﬁdﬁ@ﬂéﬁ%,
triethyl phosphate, tributyl phosphate, trioctyl phosphate, and

tri but oxyet hyl phosphate; 20 aromatic phosphates |ike triphenyl phosphate,
cresyl di phenyl phosphate, dicresyl phenyl phosphate, tricresyl phosphate,
trixylenyl phosphate, xylenyl diphenyl_§@gsphate, tris(isopropyl phenyl)
phosphat e, isopropyl phenyl di phenyl phosphate, diisopropyl phenyl phenyl
phosphate, 25 tris(trimethyl phenyl) phosphate, tris(t-butyl phenyl)

phosphat eolyrirsaiphengbedephenylagiobpbat e, dad aapindtedi phedkyetidsphat e
may be cited. As_the antinony-based flanme-retardant, antinony oxide type

fl ame- r etCAMRAHAS UGN aft | bhY 1errokildd Sarfd-d T emppopberppre2@0d — 38
pent aoxi de, sodiun]aqéinnnate, et c. nqg be cited. The flane1%§tardant (H
ment i oned HIARRC FEYLHRE lised PEATRRFORICT AL PRBXRBPRESf tthe BORBPNALESH of two

nb ... Th h I d [ [ it f
The's. pr BN TR ent FORSREy T ubEher THED! BOVEDRY ERERET AR btbasi BRT

demﬁ“?:: ol Y 280a 8k dREY U%‘é%gg%%g%r&@éﬂ M §HfiPaRaeDabhim

sulfa t-anat e, I'cén oxi inely puftverized Silicon
oxi de, amEMRAUSIPed | Gheddd £, RV e | UR S DORehSphERhE i Wie,
carbonat e, al um num oxi de, 10 al um num hydroxi de, and m ca powder for the
pur pose @ftHylErmadmds -Sethapropebhitéis lassiathesi vesess]and hardpsegs., 3The
anount of the inorganic filler to be used is preferred to be in the range
of 0 toddnemopgopwlel priééecbhuratiey 4tou .m8y obet hetwkoel e conposition
of the present invention. 15 The conposition nmay further incorporate
therein, as dttasitb® dehanpBoryfyPafadonhlang-gemssiaptusedhedPgrimg

age”iﬁ S%%%E%ﬁning phosphate flame-retardants such as
tris{chloroethyl) phosphate, tris(2,3—dichloropropyl)
phosphate, tris(2-chloropropyl) phosphate, tris(2,3-

bromopropyl) phosphate, tris(bromochloropropyl) phosphate,

2,3-dibromopropyl-2,3-chloropropyl phosphate,

15 tris(tribromophenyl) phosphate, tris(dibromophenyl)

phosphate, and tris(tribromoneopentyl) phosphate; and non-

halogen type flame-retardants such as aliphatic phosphates

like trimethyl phosphate, triethyl phosphate, tributyl

phosphate, trioctyl phosphate, and tributoxyethyl phosphate;

20 aromatic phosphates like triphenyl phosphate, cresyl diphenyl

phosphate, dicresyl phenyl phosphate, tricresyl phosphate,

trixylenyl phosphate, xylenyl diphenyl  phosphate,

tris(isopropyl phenyl) phosphate, isopropylphenyl diphenyl

phosphate, diisopropylphenyl phenyl phosphate,

25 tris(trimethylphenyl) phosphate, tris(t-butylphenyl)

phosphate, hydroxyphenyl diphenyl phosphate, and octyl
diphenyl phosphate may be cited.

As the antimony-based flame-retardant, antimony oxide type

flame-retardants such as antimony trioxide and antimony



pht hal ocyani ne bl ue, phthal ocyani ne green, iodine green, disazo yellow,
crystal violet, titanium oxide, carbon black, and naphthal ene blg kP gﬂg of
known and comonly used pol ynmerization 20 inhibitors such as hydr §J¥§
hydr oqui none nononet hyl ether, text-butyl catechol, pyrogallol, and
phenot hi azi ne, any of known and commonly used thickening agents such as
asbestos, organobentonite, benton, andggmntnorillonite, silicone type,
fluorine type, or macronol ecul ar type anti-foam ng agents and/or 25 | eveling
agents, adhesiveness-inparting agents such as i m dazol e--based,
t hi azol ePBASE@x1gle  rS QbR - AL EHOBALEne etCoupahd agehtsd - or any ot her

used additives. Furt t he, phot ocur abl e

known and co nl her, nd,

Cher noset t | ng oS AR CeGRIgHda T (31 BRECHPESEHRbPHOCHEY IF BSRCHRLABHYSi ed so
as to O ARR 5 -39 be.devel l, it h r.. by form.ng a salt of the
car boxyl gﬁr d‘&p%%%f ﬁchré“ c?ﬁ aelil% (?g@lgﬁ%g\g‘%‘ﬁ n\éﬁrﬁ ec(w,&’ 115 Tt s %ﬁmgﬁirﬁé such as
trimethylam Ity ney, + RE gh-tisar kRO, 1+ CARt ¢ R

(met h)acryl a?@_ ézgﬂﬁ)tg&r?gl suclﬁé%?%Nt,:HN gﬁglgn%:tﬁ'y g;ﬁl_é%%gt %B?%%FE)BQC%{EMH%

N, N- df mephykamitnepienylionl fakhrastnleant deorNotdidrenade ey acwsamde,
acryl oyl norpholi'ne, NTsopfopyl (meth)acrylam de, and N-nethyl ol

acryl am demafiie ,photreddr hbenanddt tré e ye ikiedg inesiga rdanyfisl teo s wth taze 10
present invention is obtained by conpounding the conponents nentioned
above, pbaténabkylifiatiehe hanspor th gmpehe i oheliabovexridengowdeage Aeaugslyy
mxing themwith a roll. mll or the like. The photocurable and thernosetting
resin coRB¥PELBEYf SHAd CAY eSEHEAT Ny I BRNCEA beiddFad adafl6l/ ofd Vo
obtain a cured, 15 product., That .t he photocurable apd thernosettjn

Cesin coRBERFEABR of ARP T ER ent CREGEHT of FEFHIS ed HYPRB ocRAe of
screqn pPLk ki Rdm ﬁP&EXnge,rgllléi R4 'p%de%.l 6L ORE %ﬂfpose of improving

such properties as adhesiveness and hardness. The amount of the
inorganic filler to be used is preferred to be in the range of
0to 6l wt.%, more preferably 5to 40 wt.% of the whole composition
of the present invention.

15 The composition may further incorporate therein, as occcasion
demands, any of known and commonly used coloring agents such as
phthalocyanine blue, phthalocyanine green, iodine green, disazo
yellow, crystal violet, titanium oxide, carbon black, and
naphthalene black, any of known and commonly used pelymerization

20 inhibitorssnuﬂnashydroquinone,hydroquinonenmnomethyléther,
tert-butyl catechol, pyrogallol, and phenothiazine, any of known
and commonly used thickening agents such as asbestos,_
organcbentonite, benton, and montmorillonite, silicone type,
fluorine type, or macromolecular type anti-foaming agents and/ox

25 leveling agents, adhesiveness-imparting agents such as
imidazole-based, thiazole-based, or triazole-based silane
coupling agents, or any other known and commonly used additives.

Further, the photocurable and thermesetting resin

composition of the present invention can be modified so as to



coating, curtain coating, or the like to a printed circuit board to forma
coating filmof 10-100 pmthickness and then the coating 20 filmis dried at
a tenperature in the range of 60 to 110C. Thereafter, a negati v@5fAPRilbs
directly brought into contact with the coating film (or placed over the
coating filmin the non-contact state). Then, the coating filmis
irradiated with wultraviolet light and,hhe unexposed area of the coating
filmis 25 developed with a dilute aqhg us al kaline solution (such as, for
exanpl e, an aqueous solution of 0.5 to 2% sodi um carbonate) to dissolve out
t he unexpesbzivgbrpalohe (Wicvie weyirrendy . fdieieafd snlt éOrthdeamimepnslegabup -

i nproving various properties, the coating film is further cured

suf fi ci epf| $hey dunaddiaat Feniii CAMpORERE olfet B) SWAPR Pdosamime $pght agnd/ or
by heating,(for exanple, at 100 to 200C for 0.5 to 1 hour) to give birth to
a cured FFERPLRBMATLRS ﬁﬂﬂuﬁﬁl¢Wﬁﬁ%§FbﬁemﬁPF e tffrtel &pEcRLREl ByOUP-

d i bed bel ow.with f het i I , Ki 5 I
deser | bed BELONSHLIT " ELSLENSE, L0 U MLl B eruploe ey ng S egagpl s
1oL I3 4ok, ABBSBHIGY O GER) gy VRISV wBRASLL SRERLLO0RYS

speci fi efyetRYAERPSU LG iRAMIE M- diRet BY © a@m%%%%@d%ﬁiéﬁ&ﬁépeda&&ﬁﬁpgé and

t hernoneter, a device for introduction of nitrogen and al kyl ene 0Oxi

a stirrefiorgBolpaets @:f-i%dw%gymnotméegi)acwﬁ}ilcahlﬂcfe,a coidlensankenypbaduct
of phenols and a phenolic hydroxyl group-containing aromatic al dehyde
(manuf atacegldjidapan Epoxy Resin Co., Ltd., trade nane 15 "EPI CURE YL6065",
OH equi valent: 98), 0.98 gart of potassium hydroxide, and 98 parts of

t ol uene wer eTERapetocTrabaderand thrrneyetbimghzeder AuRPash e Wthe

nitﬁggen while stirring the, m xture and the tenBerature of the m xture was
i ner asé@rﬁﬁent invention is obtained by compo nd;ng the components

mentioned above, preferably in the.proportion mentioned above,

and homogeneously mixing them with a roll mill or the like.
The photocurable and thermosetting resin composition of the
present invention can be cured as follows to obtain a cured
15 product. That is, the photocurable and thermosetting resin
composition of the present invention is applied by the technique
of.screen printing, spraying, roll coating, electrostatic
coating, curtain coating, or the like to a printed circuit board
to form a coating £film of 10-100 ym thickness and then the coating
20 film is dried at a temperature in the range of 60 to 110°C.
Thereafter, a negative film is directly brought into contact with
the coating film (or placed over the coating film in the
non-contact state). Then, the coating film is irradiated with
ultraviolet light and the unexposed area of the coating film is
25 developed with a dilute agueous alkaline sclution (such as, for
example, an agueous sclution of 0.5 to 2% sodium carbonate)} to
dissolve out the unexposed portion (development). Thereafter,
for the purpose of improving various properties, the coating film

is further cured sufficiently by irradiation with ultraviolet




heati ng. Then, 63.8parts of propylene oxide was gradually added 20 dropw se
to the mxture and the resultant m xture was left reacting for 16 hours at
125-132C under a pressure of 0-4.8 kg/cnR. Thereafter, The reaction
solution was cooled to room tenperature. To this reaction SOluﬁé&@ ﬁEZB
parts of 89% phosphoric acid was added and m xed therewith to Bg rze 25
pot assi um hydr oxi de. The obtai ned reaction solution of propylene oxide to

t he pol yphenol resin had a nonvol atilegantent of 63.8% and the hydroxyl -
equi val ent of 160.7 g/eq. This means that 1.08 cools of the al kyl ene oxide
was added to one equivalent of the phenolic hydroxyl group gn average. 0 5
APR 29951ightoapdd oFaiys hstatiing r 65RY i 9%28BLEri 8F &P %repyifén€ dad o the

pol yphenol resin _qbtained as above, 36.0 parts..of acrylic acid, 9.6 parts
of net haﬁ8s&l ?’&‘i'irg 38 16 1 ’f)g}Ptth e Sfﬂgld‘i'oqui none, and 217.3 parts
of toluene ch ed_] 5. LQn. V. | . equi pped_w tijrrer, a
thernnneter&%%ﬁﬁ a%hghiPrg%gﬁ%ngl§§§§£%§§‘f@?ffrgg%tﬁﬁgﬂ?oﬁg%%qﬁgﬁ%gjé? 110C
whil e blyaw i [ RNuN: tialar

it ur e, 18 5 pLe PRt s e o (b SR BRnBLkl Jo ki

t ogetier ocwhhp1L@l HaRecampaR A48 IRInp B! U al hehealt &f HRidie, rgaction
solution was cooled to roomtenperature. The obtained reaction solution was
neutral i pedswenth i28zehipiesi Sief noan laigucoas 16%chedifon hywinygi dgam@lwis.on and
then washed with water. Thereafter, toluene was distilled out by neans of
an evap@hearerewhl pertepl beimanttoned hertoi b phovs of idivethydiele reXeglsycol
nmonoet hyl ether acetate to obtain an unsaturated group-containing curable
resin sobft £BAThRASEE LotriIRE i 1RleEsnPERETIH 63 3B  NeX®d - 296. 4 parts of

;gftgezgé%gghe%g%aaggﬁkﬁgag{gup- containing curable resin solution and 1.22

10 Into an autoclave equipped with a thermometer, a device for
introduction of nitrogen and alkylene oxide, and a stirrer, 98
parts of a polyphenol resin which is a condensation product of
phenols and a phenolic hydroxyl group-containing aromatic
aldehyde (manufatured by Japan Epoxy Resin Co., Ltd., trade name

15 “EPICURE YL6065", OH eguivalent: 98), 0,98'part of potassium
hydroxide, and 98 parts of toluene were charged. The air in the
system chamber was replaced with nitiogen while stirring the
mixture and the temperature of the mixture was increased bj
heating. Then, 63.8 parts of propylene oxide was gradually added

20 dropwise to the mixture and the resultant mixture was left
reacting for 16 hours at 125-132°C under a pressure of 0-4.8
kg/cm?’. Thereafter, The reaction solution was cooled to room
temperature. To this reaction solution, 1.28 parts of 89%
phosphoric acid was added and mixed therewith to neutralize

25 potassium hydroxide. The obtained reaction solution of
propylene oxide to the polyphenol resin had a nonvolatile content
of 63.8% and the hydroxyl equivalent of 160.7 g/eq. This means
that 1.08 mols of the alkylene oxide was added to one eguilvalent

of the phenolic hydroxyl group on average.



20 tri phenyl phosphine were charged into a reaction vessel equipped with a
stirrer, a thernoneter, and an air blowing tube. 76.0 parts of

t et rahydropht hal i ¢ anhydri de was gradual |y added to the nixtureﬂﬁﬁAR&QMS
blowing air thereinto at a rate of 10 m/mn. and stirring the mxture, and
they were left reacting for 6 hours 25 at 95-105C. The product was cool ed
and then extracted fromthe reaction vessel. The curable resin consequently
obt ai ned was found to have a nonvol atijhe content of 71.8% and an acid val ue
of 109.6 my KOH/ g as solids. The infrared absor ption spectrum (neasured by
the use of .15 APR 2aa5 -42 a Fourier-transforminfrared spectrophotoneter,
FT-1R) of th&5lcd ablkssr efi hhebrakasdonnsphiug isyneiepiropydams exiislesiown in
Fig. 1. Synthetic Exanple 2: 5 Into an autoclave equi pped with a

t her nonetBe, palyebese lf éﬁshﬁwm%@)rﬁ%fab@‘(?og@ﬁ 8nBagtRyPéEnacsyilde, and

a stirrer parts. of the polyphenol resin (manufatured by Japan E
Resi n C%Clgtta % PREFS ﬁﬁ%éy QEEE#QEBGGSQ% ety ¥ P EFE §8Tet@§3

part of ﬁo aSS|unbh dr°é¥9§%gﬁ art %1;0I%§ne wer 19 c$ d The
air in the“EyStEm 8 pﬁ’%lé it e Y od‘%r‘?/\/n 4y 8 fhe
”‘thge f@Qc% Snt GER Eﬁtaﬁﬁlphehhﬁltﬁ‘étH£§F%@§ | geg g@%ﬁﬂm%%eﬂea%hﬁg anlNeN,

174.0 parts of prop y ené e was gradua added dropw se td the mxture

and the aiﬁsyi&@mh?nwﬁar§na/a§efeffeaea%lgngofronzlﬁoh%r 8tal 1522 §B82€e15
under a pressure o kg/ cnm2. Thereafter, The reaction solution was

cool ed tplewonyt afpetRévegntdoathhsraeacbront soVmihonand. 28ipaihy €he89%
phosphoric acid was added and m xed therewith to neutralize potassium
hydr oxi deixTheeobt 2i fehrireaftvanes gaitd ah byf thpe opd enonsadedist théed
pol yphenol resin had 20 a nonvolatile content of 75.1% and the hydroxyl
equ|va|eQ@t@pgetharWLthtolueneasenlazeotroplcnuxture.' Thereafter,
10 the reaction solution was cooled to room temperature. The
obtained reaction solution was neutralized with 29.4 parts of
an aqueous 15% sodium hydroxide solution and then washed with
water. Thereafter, toluene was distilled out by means of an
evaporator while replacing it with 109.0 parts of diethylene
15 glycol monoethyl ether acetate to obtain an unsaturated
group-containing curable resin seclution having a nonvolatile
content of 63.3%.
Next, 296.4 parts of the resultant unsaturated group-
containing curable resin solution and 1.22 parts of
20 triphenylphosphine were charged into a reaction vessel equipped
with a stirrer, a thermometer, and an air blowing tube., 76.0
parts of tetrahydrophthalic anhydride was gradually added to the
mixture while blowing air thereinto at a rate of 10 mi/min. and
stirring the mixture, and they wére left reacting for 6 hours
25 at 95-~105°C. The product was cooled and then extracted from the
feaction vessel. The curable resin conseguently obtained was
found to have a nonvolatile content of 71.8% and an acid value

of 109.6 mg KOH/g as solids.

The infrared absorption spectrum (measured by the use of



264.5 g/eq. This nmeans that 2.87 cools of the al kyl ene oxide was added to
one equi val ent of the phenolic hydroxyl group on average. 352.2 parirR 2f
the reaction solution of propylene oxide to 25 the polyphenol resin
obt ai ned as above, 43.2 parts of acrylic acid, 11.53 parts of
met hanesul fonic acid, 0.18 part of nethyl hydroqui none, and 273.5 parts of
tol uene were charged into a reaction vgssel equipped with a stirrer, a
thernoneter, and an air bl ow ng tube'é d left reacting for 12 hours at 110C
while 0 5 APR TORS -43 blowing air thereinto at a rate of 10 mM/m n. and
stirringat heuriextutransFodnpdrit ofedvad pEctaosRdtbyicthre ,r eaciiirRon ofashe
distilled out together with toluene as an azeotropic m xture. Thereafter,
t he reactiivabdel 0es$ bm okdss iooed do thiscomitleepes stuampldlie Shokhaim®dg.
reaction solution was neutralized with 35.35 parts of an aqueous 15% sodi um
hydr oxi dé-sol uti on and then washed with water. Thereafter, toluene was
distilled out by neans of an evaporator while replacing it wth 203.5 parts
of di et KyYBRBEtEFy ESaMRdfoethyl ether acetate to obtain an unsaturated 10
grou -contai&%%% curabl e éesin soLutign hgvin a nonvol atile . cantent of

) afit

59. 4% Next, Roarr8eof VEnedY ekEF firf WFGrbuft WA hickg

curabl e 12ka88tILhOBrARd: Lod2 P arks adky 1P BRAMN aRRNE el o g0l

into a reaction vesse equl stirrer, er none an air

bl owi ng tabes &P -the @%ﬁ@r@ndfw@mﬂr(wﬁdﬁﬂ&@@Wwa%n%go&?gﬁ%a}igyn

added to the mxture ile blowing air thereinto at” a rate of
and sticolparide, Mrddd aamendebheyrweresbebt, rcﬁad@qfulgrefmwz heur,so.as

95-105C. The product was cool ed and then extracte romthe 20 reaction

vessel . gaetcwiabpetaesinmcdnstopreindéy elndai P8d psats fofinddlmdreveware
nonvol atil e content of 64.7% and an acid val ue

10 charged., The air in the system chamber was replaced with

nitrpgeh while stirring the mixture and the temperature ¢f the

mixture was increased by heating. Then, 174.0 parts of propylene

oxide was gradually added dropwise to the mixture and the

resultant mixture was left reacting for 16 hours at 125-132°C

15 under a pressure of 0-4.8 kg/cm?. Thereafter, The reaction

solution was cooled to room temperature. To this reaction

solution, 1.28 parts of 89% phosphoric acid was added and mixed

therewith to neutralize potassium hydroxide. The obtained

reaction solution of propylene oxide to the polyphencol resin had

20 a nonvolatile content of 75.1% and the hydroxyl equivalent of

264.5 g/eq. This means that 2.87 mols of the alkylene oxide was

added to one eguivalent of the phenolic hydroxyl group on

average.

352.2 parts of the reaction solution of propylene oxide to

25 the polyphenol resin obtained as above, 43.2 parts of acrylic

acid, 11.53 parts of methanesulfonic acid, 0.18 part of methyl

hydrogquincone, and 273.5 parts of toluene were charged into a

reaction vessel egquipped with a stirrer, a thermometer, and an

air blowing tube and left reacting for 12 hours at 110°C while



of 65.5 ng KOH/ g as solids. Synthetic Exanple 3: Into an autoclave equi pped
with a thernoneter, a device for 25 introduction of nitrogen anﬂlﬁhﬁwhﬁme
oxide, and a stirrer, 120 parts of a poly-p-hydroxystyrene resi

(manuf atured by Maruzen Petrochem cal Co., Ltd., trade nane "MARUKA LYNCUR
M, OH equivalent: 120), 1.2 parts of potassium hydroxide, and 120 parts
of toluene were charged. The air in thg system chanber was 0 ~ APR 205 -44
replaced with nitrogen while stirring” ﬁé m xture and the tenperature of
the m xture was increased by heating. Then, 63. 8 parts of propyl ene oxide
was gr adbabivynadded tdhepwineo att heratiexblr @0and/mhe .r asd sadtrmiing the was
|l eft reacting for 16 hours at 125-132'c under a pressure of 0-4.8 kg /C\V2 .
Ther eaf tRixtqhie. rRadtpantsolfiuvhbarwsisedbydthe rentt tenpasadissilled his
reaction solution, 1.57 parts of 899. phosphoric acid was added and m xed
t her ewi t et dafRiERer WAk HhbPAYenend hdy 8%PEELOPAE MbBEHrRed TBEEERSH STl uti on

f | ide to th | y-p 10 hyd t in had Latil
content bROG3 a6kl PACUCAYE VAT SHOI-G8I & BPORE QPIRRE S HRTS- edde t hat

ﬁ'yfig o1 SFipe Sotaga s ST ol il R 8 15 it‘#‘?éﬁgﬁf’ﬁka&f@%ﬁ% oyl ene
[ 1 Pz ' [ 3
of acryl TE 2araougy EAPERRIU YSHEA SO kPR B PR Agl RABn-Sp el

hydr oqui pgper, antn2pda P2l t T Afudmd Upae Weseighaudemit ivy dndahgaslki amn
vessel equipped with a stirrer, a thernoneter, and an air bl ow ng tube and

| eft reastapgréebridhiaw sailddDdE 20 whthe2bBad nhais dhedekbnhglanea rate

of 10 mM/mn. and stirring the mxture. 12.6 parts of water caused by the

‘reacti onglpsoldisonbebiydut ethget hecewptle t bbuepbtadsnanaanzeonsapiicanied: ur e.

10 group-containing curable resin solution having a nonvolatile
content of 59.4%.

Next, 500.0 parts of the resultant unsaturated group-
containing curable resin solution and 1.22 parts of
triphenylphosphine were charged into a reaction vessel equipped

15 with a stirrer, a thermometer, and an air blowing tube. 60.8
parts of tetrahydrophthalic anhydride was gradually added to the
mixture while blowing air thereinto at a rate of 10 ml/min. and
stirring the mixture, and they were left reacting for 6 hours
at 95-105°C. The product was cooled and then extracted from the

20 reaction vessel. The curable resin consequently obtained was
found te have a nonvolatile content of 64.7% and an acid value
of 65.5 mg KOH/g as solids.

Synthetic Example 3:

Into an autoclave equipped with a thermometer, a device for

25 introduction of nitrogen and alkylene oxide, and a stirrer, 120
parts of a poly—p—hydroﬁystyrene résin (manufatured by Maruzen
Petrochemical Co., Ltd., trade name “MARUKA LYNCUR M”, OH
equivalent: 120), 1.2 parts of potassium hydroxide, and 120 parts

of toluene were charged. The air in the system chamber was



Thereafter, the reaction solution was cooled to room tenperature. The

obtai ned reaction solution was neutralized 25 with 35.35 parts ofyapppii@eous
15% sodi um hydr oxi de solution and then washed with water. Thereafter,
toluene was distilled out by means of an evaporator while replacing it with
11B. 1 parts of diethylene glycol noncethyl ether acetate to obtain an
unsat ur ated group-containing curable rg in solution. 0 5 APR 2005 -45 Next,
332.0 parts of the resultant unsaturafée&d group- containing curable resin
solution and 1.22 parts of triphenyl phosphine were charged into a reaction
vessel egepjpestd witharsitivogen ahiier npbereinganchanmaxtuleowand tiize.
60.8 5 parts of tetrahydrophthalic anhydride was gradually added to the

m xture WeRpergitewienglaihe thertding vagt tacraasedi byeat Mg, en sidrr8 ng
the m xture, and they were left reacting for 6 hours _at 95-101C. The
product RAFLEoOedZARY ko @%if8&cYR8 BFfAUHLY radded oAroBYiEr. tehdhaur abl e

resin conse uentlx o%%%ined s 10 found to have a nonvol atil e content of

71, 8% anBIENUEE ARG TSI HEARE My RO VRS SEFLASCABhAPar SOF VP SpHtiRet | ¢
Ex 1: - ked_fl ask i i td d f

coﬁde ge?? ggagﬁggfé gﬁg'%c?é%§$s%§v%:§£qﬂy%%égﬁ%&§m$£;&h3%%§€% reu g%?ured
by N ppop.Kayaky @y yudddh, wtarsag%:e %@%&cﬂﬁ%e@@%ﬁ% .‘é;' 8t +nd20) and

218 parts of carbitol acetate a thereto were eat| ng.
Then, 0. #8apafibnokoMBiAYn, hYdrogumene 2893 pabyPNdrZdl iid RRialieleand
1.38 parts of triphenyl phosphine as a reaction catalyst were added to the
20 sol ut and. milked eshdtamithi xburmekapd 1 heat ed tiae S5l Ob@iandi88.4 Tharts of
acrylic acid and 41.5 parts of p-hydroxyphenetyl alcohol gradually added

dr opwi secbhaiaed weastisit sebietioy ¢6r prepydwns: oxXdereacthenprplyddet was

cooled to 80-90C and nade to add 91.2 .
10 hydroxystyrene resin had a nonvolatile content of 62.0% and the

hydroxyl equivalent of 182 g/eg. This means that 1.07 mols of
the alkylene oxide was added to one eqguivalent of the phenolic
hydroxyl group on average.
293.0 parts of the reaction solution of propylene oxide to -
15 the poly-p-hydroxystyrene resin obtained as above, 43.2 parts
of acrylic acid, 11.53 parts of methanesulfonic écid, 0.18 part
of methyl hydroquinone, and 252.9 parts of toluene were charged
into a reaction vessel equipped with a stirrer, a thermometer,
and an air blowing tube and left reacting for 12 hours at 110°C
20 while blowing air thereinto at a rate of 10 ml1/min. and stirring
the mixture. 12.6 parts of water caused by the reaction was
distilled out together with toluene as an azeotropic mixture.
Thereafter, the reaction solution was. cooled to room
temperature. The obtained reaction solution was peutralized
25 with 35.35 parts of an agueous 15% sodium hydroxide solution and
then washed with water. Thereafter, toluene was distilled out
by means of an evaporator while replacing it with 118.1 parts
of diethylene glycol monoethyl ether acetate to obtain an

unsaturated group-containing curable resin solution.



parts of tetrahydrophthalic anhydride and they were left 25 reacting for 8
hours. The product was cool ed and then extracted fromthe flask. The
curabl e resin consequently obtained was found to have a nonvol abfI1/Rdht ent
of 65% and an acid value of 84 ng KOH g as solids. Exanples 1-3 and
Conparative Exanple 1: 0 5 APR 7UUS -46 The curable resin conpositions were
prepared by conpounding relevant conp %ths at proportions (nunerical

val ues indicate parts by weight) sho in Table 1 and kneading themwth a
three-roll mll, respectively. Each of the curable resin 5 conpositions
was., appli edidnt t he3gchegmpts ntfhgthet hosbwkt amt a unEa tyesd teed sgreap-of 100
mesh to the entire surface of a copper plated-throughhole printed circuit
boar d hae¢Pngadngngscrébeablpat tegTill or ARduitiocadvarie@ t Rerdon partser mod
coating filmof 20-30 _umthickness. The Coating filmon the board was_ dried
by the 18TdpaedylphesoiHine #afichghavdisdaingo rEadnion Vaseel PHE ippad ng

b v B D M S eI P10 50, LBl ol erposu
ti i hayi i i t t.i. ght.| d

c " G AT DR B BP0 L 5l R o e

ml/ cne. mIQEﬁretGﬁiﬁ83E189%B?L?%%a§hQE&%EEBSQtfQﬂréib§f§QNﬂ§uWhHEJaBnd

aqueous 1% sodi um car bonat tion applied by spraying at a pressure of
2.0 kg/ cBRikreidigss0levaistnridie Anexposededpetiont réherealt or Ehaoweat i ng
filmon the board was thermally cured 20 in a hot air drying oven at 150C
for 60 mahut®esl @b’ r epehe prodwst wWesardo 1Edeandsthémraxitmsttddarrbmanieng t he
cured filmwas tested for the resistance to soldering heat, PCT resistance,
adhesi veneastiagi yepesilst afibe, cainadilie rmes s grrseqnuantly obtained was

10 found to have a nonvolatile content of 71.8% and an acid value
of 85.3 mg KOH/g as solids.
Comparative Synthetic Example 1:
In a four-necked flask equipped ﬁith a stirrer and a reflux
condenser, 220 parts of a cresol novelak type epoxy resin
15 (manufactured by Nippon Kayaku Co., Ltd., trade name ECON-104s,
epoxy.equivalent; 220) and 218 parts of.carbitol acetate added
thereto were dissolved by heating. Then, 0.46 part of methyl.
hydroquinone as a polymerization inhibitor and 1.38 parts of
triphenylphosphine as a reaction catalyst were added to the
20 solution. The resultant mixture kept heated to 95-105°C and 50.4
parts of acrylic acid and 41.5 parts of p-hydroxyphenetyl alcohol
gradually added dropwise thereto were left reacting for 16 hours.,
The reaction product was cooled to 80-90°C and made to add 91.2
parts of tetrahydrophtﬁalic anhydride and they were left
25 reacting for 8 hours. The product was cooled and then extracted
from the flask. The curable resin conseguently obtained was
found to have a nonvolatile content of 65% and an acid value of
84 mg KOH/g as solids.

Examples 1-3 and Comparative Example 1:



25 resistance to electroless gold plating in accordance with the

testing

nmet hod and the eval uation nethod to be described hereinafter. Fuaggﬁrqiﬁy
using a B pattern of a printed circuit board (thickness: 1.6 nm 8i9 ed

by IPCin place of the copper 0 5 APR 2005 -47 pl at ed-throughhol e printed

circuit board, a test board was prepared under the sane conditions as

descri bed above and the electrical resj.stance was neasured. Furthernore,

a

glass plate used in place of the copper plated-throughhole printed circuit

5 board was treated under the sanme conditions as descri bed above
t he wat er absirptuaablEheesdautospofithenabeeeetipstsaned Ishosmpiomnithie 2.
Tabl'e 1 ) Exanpl eConparative Conponents (parts by weight 123Exanple 1 Resin
of Synt h&elevERIMGIaHOIBN 3 -2 R TPf L By henuneticall ¥Elags & nElitsy &-
resinResin of Synthetic -139.3- Exanple_3 Resin_of Conparative Synthetic
Exanpl e Partsshy |vghghte mw)am%

D et hyl e%%r%'excr%lllmlggfitjylrél'slpgé' igé}ygll'}z?agﬁh%rf a%ﬁzaat_c?urable resin

5

10

15

20

25

compositions was. applied by the screen printing method using a
polyester screen of 100 mesh to the entire surface of a copper

plated-throughhole printed c¢ircuit board having a prescribed

pattern formed in advance thereon to form a coating film of 20-30

um thickness. The zoating film on the board was dried by the

use of a hot air drying oven at 80°C for 30 minutes. The coating

film was irradiated with ultraviolet light by using an
ultraviolet exposure apparatus (product of ORC Manufacturing
Co., Ltd., Model HMW-680GW) through a negative film having a
prescribed resist pattern and tightly superposed on the coating
film under the conditions of irradiation dose of 600 mJ/cm’.
Then, the coating film was developed for 60 seconds with an
aqueous 1% sodium carbonate solution applied by spraying at a
pressure of 2.0 kg/cm® to dissolve out the unexposed portion.
Thereafter, the coating film on the board was thermally cured
in a hot air drying oven at 150°C for 60 minutes to prepare a
test board.

The resultant test board having the cured film was tested
for the resistance to soldering heat, PCT resistance,
adhesiveness, acid resistance, alkali resistance, and
resistance to electroless gold plating in accordance with the
testing method and the evaluation method to be described
hereinafter.

Further, by using a B pattern of a printed circuit board

(thickness: 1.6 mm) specified by IPC in place of the copper

akle14d ;andokperdios Jyhemiwathor o

to obtain



Pht hal ocyani ne bluel.51.51.51.5 Silicone K5-66 *')2.02.02.02.0 AERCSIL 380
*0}3.03.03.03.0 Mel ami nel.51.51.51.5 DPHA *5115. 015. 015. 015. 0 RE306

*6) 16. 49. 812. 812. 6 Epo- Thoto YDCN 704P *'}41.024.531.931.4 *11 | r@aqPre((907:
2-met hyl - 1- [ 4- (et hyl t hi o) phenyl ] - 2- nor phol i no-- am nopr opanone-1 (produced
by C ba Specialty Chemcals Inc.) *2} =X-S: 2,4-di.ethylthi oxant hone
(produced by N ppon Kayaku Co., Ltd.) *3). Slllcone KS-66: Silicone type
anti--foam ng agent (produced by Shinetsu Silicone Co., Ltd.) *a} AERCSIL
380: finely pulverized silica Remarks(produced by Nlppon Aerosil Co., Ltd.)
* S} DPHAPl@tm@et‘l]TIéﬂtﬁmmib%nPa‘emstﬁﬂ’|@D¥Cﬁéka-bca'zmﬂpeﬁt deat ybansd (yroduced

by N ppon Kayaku Cb Ltd.) *6) RE306; novol ak type e resin (produced by

N ppon KE%&IE’@’-"@? nder the }s@b% PR bt YRR 28485 Chd Cﬁ fesin
roduced.b Ka e APR 2005 -48 Tabl e

ol eCOHBEERAA FRoigance YRR ARTETTo0s FESFEPEATS Ty eoqﬁaeﬁ R4 0000

PCT res'ﬁE%ECQROBfa ghgf'WEQQ§§§§é¥(plated—throughhole printed circuit
8 board was treated under the same conditions as described above

to obtain the water absorption.

The results of the above tests are shown in Table 2.

Table 1
) Example Comparative
Components (parts by weight) T 2 3 1 Example 1
Resin of Synthet_:l.c 139.3 . _ _
Example 1
Resin of Synthetic . 154.5 . _
Curable Example 2 *
resin Resin of Synthetic
— - 139.3 -
Example 3
Resin of Comparative . n _ 153.8
Synthetic Example 1 :
Irgacure 907 *V 14.0 14.0 14.90 14.¢
DETX-S *% 1.0 1.0 1.0 1.0
Diethylene glyccl moncethyl 11.0 11.0 11.0 11.0
ether acetate .
Phthalocyanine blue 1.5 1.5 1.5 1.5
Silicone KS-66 ** 2.0 2.0 2.0 2.0
AFROSIL 380 *Y 3.0 3.0 3.0 3.0
Melamine 1.5 1.5 i.5 1.5
DPHA *° 15.0 15.0 15.0 15.0
RE306 *° 16.4 9.8 12.8 12.6
Epo-Thoto YDCN 704p #7 41.0 24.5 31.9 31.4
*Y Irgacure 907: 2-methyl-1-[4-(maethylthio)phenyl]-2-morpholino-
aminopropanone-1 (produced by Ciba Specialty Chemicals Inc.)
+2 DETX-S: 2,4-diethylthioxanthone (produced by Nippon Kayaku Co., Ltd.)
*3 Silicone KS-66: Silicone type anti-foaming agent
(produced by Shinetsu Silicone Co., Ltd.)
*% AEROSIL 380: finely pulverized silica
Remarks (produced by Nippon Aerosil Co., Ltd.)
*”) DPHA: a mixture of dipentaerythritol hexa~ and penta-acrylates
(produced by Nippon Kayaku Co., Ltd.)
+% RE306: novolak type epoxy resin
(produced by Nippon Kayaku Co., Ltd.)
*7 Epo-Thoto YDCN~-704P: novolak type epoxy resin
(produced by Thoto Rasel Co., Ltd.)




Aci d resistance0000 Al kali resistanceO00 Resistance to el ectol ess gold OO0
plating Electrical resistanceOO00 Water absorption {%0.91.11.01.7 The

net hods for testing and eval uating the characteristics shown in ThbIABR 2005
menti oned above are as follows: 5 Resistance to Soldering Heat: A test board
was repeatedly imersed in a solder bath kept at 260C three tinmes each for
10 seconds in accordance with the nethﬁ specified in JIS C 6481 and
visual |y exam ned the change in appear@ahce on the following criterion.
Incidentally, a flux 10 according to JIS C 6481 was used as a post flux
(rosin type). O0: No discernible cheap@e 12 appearance 0: Discol oration of

the cure 'Fllmnhcar\lnrl\(- I|'F1-|nn or onnoroflr\n n'E +hn L nl-Fnlm o

O TopoT

infiltrafion of sol der observed 15 PCT Resiseapie: The t est b@@kﬁaﬂﬁ@tloned

above wap furt heFTPR¥EI&E anding [ToF 5 Nhoyrs 1§ a hpt aiyr aryi pgngyen Kept
at 170C. | Thereafter the PCT resistance df the curled fi'l m whas neasured
under t hered3@pflicbi @NScMer28g HAHES | N at urjat edQstea]m kept at|121Coand @ 5
APR 2005 -49 eval uated aon t%p following criterion 0 No disternible
blister, | s@pasaiscbe OF discoloratloq;of the cured fil m observedal: Sl|i ght
blister, separatidn, of ~discaloration of tlthe 5 curled film obser ved X :
Blister,| sepairaineesn, or discolorationpof tlhe cgred fil ng X

Acid resistance O O O O

Alkali resistance O O O QO

Resistance to electoless gold

plating O O C -

Electrical resistance O O O O

Water absorption (%) ' 0.9 1.1 1.0 1.7

The methods for testing and evaluating the characteristics

shown in Table 2 mentioned above are as follows:
5 Resistance to Soldering Heat:

A test board was repeatedly immersed in a solder bath kept
at 260°C three times each for 10 seconds in accordance with the
method specified in JIS C 6481 and visually examined the change
in appearance on the following criterion. Incidentally, a flux

10 according to JIS C 6481 was used as a post flux (rosin type).

O: No discernible change in appearance

/: Discoloration of the cured film observed

X: Lifting or separation of the cured film, or infiltration

of sclder observed
15 PCT Resistance:
The test board mentioned above was further left standing
for 5 hours in a hot air drying oven kept at 170°C. Thereafter,
the PCT resistance of the cured film was measured under the

conditions of 50 hours in saturated steam kept at 121°C and



observed Adhesiveness: The cured filmon the test board was incised |ike
cross-cut 10 in the shape of squares in a go board and then SUbJeCtﬁgﬁgﬁ @
peeling test with an adhesive cell ophane tape in accordance with ﬂ é
specified in JIS D 0202. The degree of separation of the cured filmafter
the peeling test was evaluated on the followng criterion. 15 O 100/100
and absolutely no peeling of the cured fjilm 0: 100/ 100, but slight peeling
in the cross-cut portions A 50/100 -4307100 X: 0/100 - 50/100 Acid

Resi stance: 20 This property was determ ned by keeping the test board

ment i onedvaboaae ddmeer sark | fo Bhlorfigouvgiterein.o sulfuric acid solution at
20C for 30 mnutes, renoving the test board from the solution, and

eval uating t g :testd imeerh ibld blespest , tsegdweat tonedf idimeondtdt don @rf t he
following criterion. 25 0: Absence of discernible change 0: Very slight
presencetdp chawge DLlmocdegernee of blister or swell or separation of cured
filmAl kali Resistance: 0 5 APR 2005 -50 This property was determ ned by

fol  owi ng t hedpr stleidilie blistrE radaPaeat s2RNCceOTt iS5k L EpAL 0dn tifueous
10 vg% @6sod|u%| grdrOX|de{iolut|on was used in place of the aqueous 10

vol sGRFEH &8 PRESITS 5 Resistance to_E, lectroless Gold Plating: On

(e oot Poacg B LORed. BREn PhRCt AP £poAPLL.08H 9 e elleih
observed
Adhesiveness:
The cured £ilm on the test board was incised like cross-cut

10 in the shape of squares in a go board and then subjected to a
peeling test with an adhesive cellophane tape in accordance with
the method specified in JIS D 0202. The degree of separation
of the cured film after the peeling test was evaluated on the
following criterion.

15 ©: 100/100 and absolutely no peeling of the cured film

O: 100/100, but slight peeling in the cross-cut portions
Az 50/100 - 90/100
Xs: 0/100 - 50/100

Acid Resistance:

20 This property was determined by keeping the test board
mentioned above immersed in an agueous 10 vol.% sulfuric acid
solution at 20°C for 30 minutes, removing the test board from
the solution, and evaluating the test board with respect to the
cured film condition on the following criterion.

25 O: aAbsence of discernible change

A: Very slight presence of change
X3: Occurrence of blister or swell or separation of cured
film

Alkali Resistance:



the test board was exami ned as to the change in appearance and subjected to
a peeling test with the use of an adhesive cell ophane 10 tape and t APR 7005
peeling conditions of the cured filmwere evaluated on the foll ow
criterion. 0: Neither any change in appearance nor peeling of the cured
filmwas observed. A: No change in appearance was observed, though slight
15 peeling of the cured filmwas observefd. X : The cured filmsuffered from
lifting and plating penetration, and significant peeling of the cured film
was observed in the peeling test. Electroless Gold Plating Process: 20 1.
Degr easi ng: Tieid getoary wes detnerseged rbnnf @l avtndeghegstagedotatoHn
(an aqueous 20 vol . %solution of Metex L-5B manufactured by Japan
MacDer mi dh€oacidt yepigtasoe teFt3ehrrpteshal, ar aguagus2E0 THel t estodbband was
imrersed in runnjng water for 3 mnutes. 3. Soft etching: The test bqgrd
was i mefYEFGx I SRELIRN 1428 e edsldnlf Tin O peFBEI AIHEH ] ofPht® r oom
tenperat%r ffor. 3 nﬁggtesl 4.0Rinsing: 0 5 APR 2605 -51 The test board was
i mrer sed”i Hﬁﬁﬁrﬁf tEP1¥5+°8 minutes. 5. Immersion in acid: The test
boar dx wWa$, JMBLS56L 11 aﬂwl@(gyg{gzgs 08l Pﬁ‘ﬁhﬂ‘{ uric acid solution for one
m nute at roonﬁtenperafﬁre. . Rinsing: & 125t board was imersed in
runni ng wat erof @he30es8OMASd KON OIENEEMEve [ o1 PFUSEEAL DA PRl VSt
was effected according to the steps as specified below. Then
the test board was examined as to the change in appearance and
subjected to a peeling test with the use of an adhesive cellophane
10 tape and the peeling conditions of the cured film were evaluated
on the following criterion.

O: Neither any change in appearance nor peeling of the cured
film was observed.

A': No change in appearance was observed, though slight

15 peeling of the cured film was observed.

X + The cured film suffered from lifting and plating
penetration, and significant peeling of the cured film was
observed in the peeling test.

Electroless Gold Plating Process:
20 1. Degreasing:

The test board was immersed in an acidic degreasing solution
(an aguecus 20 vol.% solution of Metex L-5B manufactured by Japan
MacDermid Co., Ltd.) at 30°C for 3 minutes.

2. Rinsing:
25 The test beard was immersed in running water for 3 minutes.
3. Soft etching: |
The test board was immersed in an agueous 14.3 wt.% ammonium

persulfate soluticn at room temperature for 3 minutes.

4, Rinsing:



The test board was imersed in a catal yst solution (an 10 aqueous 10 vol. 9-
solution of Metal Plate Activator 350 manufactured by Meltex Inc.) fg §3ﬁ$
for 7 mnutes. B. Rinsing; The test board was i mersed in running d% P

3 mnutes. 9. Electroless nickel plating: 15 The test board was i Mmersed in
a nickel plating solution (an aqueous 20 vol.% solution of Ml plate N -865M
manuf actured by Meltex Inc.) O pH 4. t 850C for 20 m nutes. 10.

| Mmersion in acid: The test board was ‘i‘hnersed in an aqueous 10 vol.%
sulfuric 20 acid solution at roomtenperature for one mnute. 11. Rinsing:
The test boarrhevasedtmierayellwias tumersgdvdneruhatingdOwaceendsr $ animet#s nute.
12. Electroless gold plating; 25 The test board was imersed in a gold

pl ati ng $ol umrmrgizon Bmuaoud:sol ution of 15 vol. % of Aurol ectrol ess UP
manuf actured by Meltex Inc. and 3 vol.% of gold potassi umcyanide) of pH 6
at 95cC for hertasteboarsl wRishémAgrs@ds IAPRN 25Ne08s Tharalkst W ifas
imrersed in running water for 3 mnutes. 14. Rinsing wth hot water: The
test boaldifasitier¥ed?h AR RAPBreal eGPt MPRFALEES: After sufficient
washing wth.wat.er and thorough 5 draining, -thetest board was dried. After
t he above s I el 6ctrol ess gold plated test board was obtained.

tE'thtCL'r gg' fi' l’“lfrr]}& UIAIHRLRFLAL T b DG ¥ §h! FhAREnGGYLAY PYrPSORAIId 585 OF
to one minute,
7. Introduction of catalyst:
The test board was immersed in a catalyst solution (an

10 agueous 10 wvol.% solution of Metal Plate Activator 350

manufactured by Meltex Inc.) at 30°C for 7 minutes.
8. Rinsing: |
The test board was immersed in running water for 3 minutes.
9. Electroless nickel plating:

15 The test board was immersed in a nickel plating solution
{(an aqueous 20 vol.% solution of Melplate Ni-865M manufactured
by Meltex Inc.) of pH 4.6 at 85°C for 20 minutes.

10. Immersion in acid:
The test board was immersed in.an aqueous 10 vol.% sulfuric

20 acid solutieon at room temperature for one minute.

11. Rinsing:

The test board was immersed in running water for 30 seconds
to one minute.
12. Electroless gold plating:

25 The test board was immersed in a gold plating soclution (an
aqueous solution of 15 vol.% of Aurclectroless UP manufactured
by Meltex Inc. and 3 vol.% of gold pctassium cyanide) of pH 6

at 95°C for 10 minutes.

13, Rinsing:



10 nmenti oned above was evaluated on the following criterion. Mistening
conditions: tenperature 85C, humdity 85%R H., applied voltage 100V 05 2005
hours Measurenent conditions: measurenent tine 60 seconds, applied vo t age
500V 15 0: Insulation resistance after noistening is not less than 109 S2
and no mgration of copper is found. O: Insulation resistance after

noi stening is not less than 109 Q but_jmgration of copper is found. X :

| nsul ation resistance after nDisteninQQi?not nore than 20 103 Q and

m gration of copper is found. Water Absorption: The test board nentioned
above was tregieddad bdhdiduas Biimetrkedise phnaiRGTwappar abys3 midBAte£SPEC
NAST SYSTEM TPC--412MD) under the conditions of 121C and 100% R H. The

wat er abadrmﬁﬂmsiﬁg(WitMehouradtétlnlwas cal cul ated by the foll ow ng
equation: Water absorption (% [(W - W)/(W - W) ] x 100 where W is
t he wei ght ofTfhehetestt bibeadd waR u.mmteméeﬁeughth@t wielten est BOACd faft €3 t he
PCT treatnent, and V? is the weight of the glass plate. 0 5 APR 2005 -53
Synt het | Bipg&es-e 4Aftaro Sal%@fﬁa*%? eVRSAIR D WIth| At gangpddiaiauo

stirr r a.thernmoneter, a ref X condense a dropping funnel, and a
ni t r dYenALIIRGt it it %@ﬁrgaW?§ gF iﬂhylene glycol 5 dinethyl ether

and 214 par i e Ol HULKLRE 002 LI NSXANQALE o 0 DPYERBHUE 0 o f ppon

Ql & Fat Co. here arge nper ature of the
mxture yas R q_ | to 90C by heatlng, 309. 9 parts of nethacryllc aci d,
116.4 parts of thyl nmethacrylate, 109.8 parts of l|actone-nodified 2 10

hydroxyeEmébtmrdmcrnﬁama&m@uﬁ@@pumdew Dai cel Chem cal
The electrical insulating properties of the cured film
10 mentioned above was evaluated on the following criterion.
Moistening conditions: temperature 85°C, humidity 85%R.H.,
applied voltage 100V, 500 hours
‘Measurement conditions: measurement time 60 seconds, applied
voltage 500V
15 O: Insulation re31stance after moistening is not less than
10° Q and no migration of copper is found.
A Insulation resistance after moistening is not less than
10° Q, but migration of copper is found.
X: Insulation resistance after moistening is not more than

20 10° Q and migration of copper is found.

Water Bbsorption:

The test board mentioned above was treated for 24 hours by
the use of a PCT apparatus (TABAI ESPEC HAST SYSTEM TPC-412MD)
under the c.onditions of 121°C and 100% R.H. The water absorption

25 of the cured film was calculated by the following equation:

Water absorption (%) = [(W2 — W1)/(Wl — Wg)] x 100
where W1l is the weight of the test board, W2 is the weight of
the test board after the PCT treatment, and Wg is the weight of

the glass plate.



I ndustries, Ltd., Plaxcel FM), and 21.4 parts of bis(4-t-butyl

cycl ohexyl ) per oxydi carbonate (manufactured by Nippon Ol & Fat Co., 00tAPR 2005
Peroyl TCP) were dropwi-se introduced into diethylene glycol dinethyl ether
for 3 hours and left standing for maturing 15 for6 hours to obtain a

car boxyl group-containing vinyl copolyner solution. The reaction was
carried out under a streamof N. gas. ggext, 363.9 parts of an acryl ate of

epoxycycl ohexane met hanol (nanufactured by Daicel Chenical Industries, Ltd.,

Cycl oner A200), 3.6 parts of dinethyl benzylam ne, and 1.80 parts 20 of

hydr qui népethertdretfydmmetdet: wer e added to the resultant vinyl copol yner
solution and the tenperature of the m xture was increased to 100C while
stirring it tl@tef feeepaablin§lep&nPiig? bLlarxs it Eaped onloh pdirIemhe
curabl e resin consequently obtained was found to have a nponvol atil e content

of 53. 80FakderROMGT &Iti @ vAPLS IS CRIASREROH § SLoRRINE. T 8)Rthet PRIEANDI e
5.1 fl.ask i d with. i nt ti t ube, a. St.
condencePi tEAgeR  FEF Tttt £ 8nd 3y { 9087 B4 B BSthiishe Fassh,
( _ L el a > YR
Er o REHGEAY EfnBY 0 DuDMPBabEg & MieR s Piger dapr SEBchY Pekbnidite

added t henghereererds 38 \edhddn heat i ddradhes. , 0td0 , pact-peft iy droguimone
and 1.38 parts of triphéenyl phosphine were added to the solufion.” The

resul t anthairgedr.e kK€perhehtetehptpadhrd0dt G leadnidO8r pavds ofcmesydd eacaci d
gradually added d.ropwi se thereto were left reacting for 16 hours. The
react i on?0p£oliychendd ngool3dd® t% B 90D ameft hadeyldcadd 1863 1p4r-tds pefrt s

t etrahydropht halic anhydride and they were left reacting for 8 hours. The
reacti onOﬁa@%mlomatﬁﬁcwlﬁﬁ@:adm¥ PBn Rt 20 detahinermydiféedot?al acid

val an he aci al ue. of the reaction _solutiaon nmeasured py .
bot ot ofigerpaTertd bR cngtPiatroabrrprcactr el BF B et chenical

Industries, Ltd., Plaxcel FM1l}, and 21.4 parts of bis(4-t-butyl
cyclohexyl)peroxydicarbonate (manufactured by Nippon 0il & Fat
Co., Ltd., Peroyl TCP) were dropwise introduced into diethylene
glycol dimethyl ether for 3 hours and left standing for maturing
15 for 6 hours to obtain a carboxyl group-containing vinyl copolymer
solution. The reaction was carried out under a stream of N, gas.
Next, 363.9 parts of an acrylate of epoxycyclohekané
methanol (manufactured by Daicel Chemical Industries, Ltd.,
Cyclomer A200), 3.6 parts of dimethylbenzylamine, and 1.80 parts
20 of hydrquinone monomethyl ether were added to the resultant vinyl
copolymer solution and the temperature of the mixture was
increased to 100°C while stirring it to effect the ring opening
addition reaction of epoxy. The curable resin conseguently
obtained was found to have a nonvolatile content of 53.8% and
25 an acid value of 107 mg KOH/g as solids.
Synthetic Example 5:
In a flask equipped with a gas introduction tube, a stirrer,
a condenser, and a thermometer, 330 parts of a cresol novolak

type epoxy resin (manufactured by Dainippon Ink & Chemicals,



ratio of 95% or nore was regarded as the conpletion of the reaction. The
curabl e resin consequently obtained was found to have a nonvol ati | cggggmm
of 5B% and an acid value of 102 ngy 15 KOH g as solids. Exanples 4- The
phot ocur abl e and thernosetting resin conpositions were prepared by
conpoundi ng rel evant conponents at proportions (nunerical values indicate
parts by weight) shown in Table 3 and é? kneading themw th a three-rol
mll, respectively. Each of the conpo 417 ons was applied by the screen
printing nethod using a polyester screen of 100 nesh to the entire surface
of a copperk. plEtEt:diroughbol eppikivhteet icidant ; bpacd havi ngoa @scrdbed
pattern fornmed in advance thereon to forma coating f il mof 20-30 25 ~zm -
t hi cknessartigaloatietgth dduded tlherdbanpnmd idsioddanybyHezatubeg of Thdwt air
drying oven at 800C for 60 mnutes to evaluate the tack-free dryness of the
surface &f %@aé@apﬁnQYﬂFPmull@O%@@ddéné@ BT s B S¥dPdsnydhagbine o be

descri bed hereinafter. 0 5 APR 2005 Next, the coating film
i rradi at Y§TG BAARY Ly thFeBOlUGHON by T ﬁ&sélr’}‘iﬂqtr é‘%ﬂrﬁ‘*&ge \LlﬁieeatEd

Zpﬁi; ve pf‘rfr-"?fﬁ%a‘@-f A5 pYBShch PRg ﬁr%laﬁeﬁﬁ%bdgfﬁaﬁ“ﬁysﬁ%%%%iﬁgg
agstd:vgﬁ gﬁgﬁé Egg Seco%‘%&!??ﬁ@ﬁ%Sgaggg ég un1caﬁ@gn§%%ﬂ%% |Ionm
appl i ed exomn:%y':ws a&o@é@ﬁeslﬁi”@{}%o é- %ﬂfﬂ/rﬁéﬁgea'ﬁ% they deye! PRIMG of

propertieés were eval uate accordance wth the eval uation thod to be
descri bedetk&hw@;mmﬂm dﬁ@f:i@é ahfietGeptwége {14 M oreddeihgarslr V@S

thermally cured in hot air drying oven at 150C for 60 mnutes to prepare
a hours. The reactlon was followed up by the addition ratio
10 obtained by the total acid value and the acid value of the reaction
solution measured by potentiometric titration and the reaction
ratio of 95% or more was regarded as the completion of the
reaction. The curable resin consequently obtained was found to
have a nonvolatile content of 58% and an acid value of 102 mg
15 KOH/g as solids.
Examples 4-6:

The photocurable and thermosetting resin compositions were
prepared by compounding relevant components at proportions
(numerical values indicate parts by weight) shown in Table 3 and

20 kneading them with a three-roll mill, respectively. Each of the
compositions was applied by the screen pfinting method using a
polyester screen of 100 mesh to the entire surface of a copper
plated-throughhole printed circuit board having a prescribed
pattern formed in advance thereon to form a coating £film of 20-30

256 um thickness. The coating film on the board was dried by the
use of a hot air drying oven at 80°C for 60 minutes to evaluate
the tack-free dryness of the surface of the coating film in

accordance with the evaluation method to be described

hereinafter.



test board. The resultant test board having the cured filmwas tested for
the adhesiveness, resistance to soldering heat, acid 15 resistance( 5aipRallh
resi stance, resistance to electroless gold plating, and PCT resi stance in
accordance with the testing nmethod and the evaluation nmethod descri bed
her ei nbefore. Further, by using a B pattern of a printed circuit board
(thickness: 1.6 nm specified by ZPC iqﬂglace of the copper 20

pl at ed-t hroughhol e printed circuit boar® ~a test board was prepared under
t he sane conditions as descri bed above and the electrical resistance was

tested. The neskd} $hef ceaehnel rig w@hpverbestt < gishowctaviabke AigPed APR
2005 -56 Table 3 ( i Exanple ) Conponents parts by we ght 456 Resin of
Synt heti &y 7uHing 139. 3 1BExeapl el ét ResiposafrsSyappariatud3. fpréduabl eExampte 3
Manufacturing Co., Ltd., Model HMW-680GW) through a negativé
film having a prescribed resist pattern and tightly superposed
5 on the coating-film (irradiation dose: 600 mJ/cm’). Then, the
coating film was developed for 60 seconds with an aqueous 1%
sodium carbonate solution applied by spraying at a pressure of
2.0 kg/cm® and the developing properties were evaluated in
accordance with the evaluation method +to be described
10 hereinafter.
Thereafter, the coating filmon the board was thermally cured
in a hot air drying oven at 150°C for 60 minutes to prepare a
test board. The resultant test board having the cured film was
tested for the adhesiveness, resistance to soldering heat, acid
15 resistance, alkali resistance, resistance to electroless gold
plating, and PCT resistance in accordance with the testing method
and the evaluation method described hereinbefore.
Further, by using a B pattern of a printed circuit hoard
(thickness: 1.6 mm) specified by IPC in place of the copper
20 plated-throughhole printed circuit board, a test board was
prepared under the same conditions as described above and the
electrical resistance was tested.

The resulis of each of the above tests are shown in Table



resi nResin of Synthetic Exanple 455.8- Resin of Synthetic Exanple 5-69. 4-
| rgacure 907 *1)15.015.015.0 DETX-S *Z]0.50.50.5 Di et hyI ene gl ycol qgﬂg@%dgyl
11.011.07.0 ether acetate Phthal ocyani ne greenl.51.51.5 Silicone K
*3)2.02.02.0 AERCSIL 3 60 *4)2.02.02.0 Mel anmi nel. 51. 51. 5 DPHA
*5:20.020. 020. 0 RE306 *6j 14.113.816.4 Epo-Thoto YDCN 704P *7)35.234.441.0
YX-4000 *5)9.39.110.8 *1 Irgacure 907:
2-met hyl -1 -[4- (et hyl t hi o) phenyl ] - 2- m)'r%;nbl i no- am nopr opanone-1 (produced
by C ba Specialty Chemcals Inc.) *Zi DETX-S: 2,4-diethylthi oxant hone
(produced by Ni ppon Kayaku Co. Ltd f)?al“:l)a Si | | cone KS-66: Silicone type

. RQ 30:

anti-foa S
finel y p Vi I\I| ppon Anr anEixa’Fp\le Lt d- \ Qnrn:\ .‘*5_]
DPHA. a mxture |npnfapryt rlfnl hpyaﬁ and pent a- grrvla es (H@ndurcd by
Ni ppon Kayaku Co., E?%Fn%‘:’ﬁ novokalks type epoxy. resif (pﬁggigced by
Ni ppon Kayaku Co.L Lt d 2P Thot 0 YDON- 704P: " ndvol ak type Bpoxy resin
(producef by Thetja ResiaiofGiynthetid ) |YX-4000: bi Xyl eng] ctype| epoxy_resir
(produced ®&wrabkpdn EpoxExemesdp Co. . jLtd.)
' resin | Resin Of Synthetic 55.8 . .
Example 4 i
Resin of Synthetic _ 69.0 _
Example 5 i

Irgacure 907 *! 15.0 15.0 15.0

DETX-S *? 0.5 0.5 0.5

Diethylene glycol moncethyl 11.0 11.0 7.0

ether acetate

Phthalocyanine green 1.5 1.5 1.5

Silicone KS-66 *¥ | | 2.0 2.0 2.0

AFROSIL, 380 % 2.0 2.0 2.0

Melamine 1.5 i.5 1.5

DPHA *° 20.0 20.0 20.0

RE306 *° 14.1 13.8 16.4

Epo-Thoto YDCN 704P #7 | 35.2 34.4 41.0

YX-4000 *% 9.3 9.1 10.8

*D Irgacure 907: 2-methyl-l-[4-(methylthio)phenyl ]-2-morpholino-

aminopropancne—~1 {produced by Ciba Specialty Chemicals Inc.)
*2 DETX-S: 2,4-diethylthioxanthone (produced by Nippon Kayaku Co., Ltd.)
#’) gilicone KS-66: Silicone type anti-foaming agent

(preduced by Shinetsu Silicone Co., Ltd. )
#" AFROSIL 380: finely pulverized silica
{produced by Nippon Aerosil Co., Litd.)

Remarks [ ** DPHA: a mixture of dipentaerythritol hexa- and penta-acrylates

(produced by Nippon Kayalu Co., Ltd.)
#*% RE306: novolak type epoxy resin

(produced by Nippon Kayaku Co., Ltd.)
*7) Epo-Thoto YDCN-704P: novolak type epoxy resin
(produced by Thoto Kasei Co., Ltd.)
¥X~4000: bixylenol type epoxy resin
(produced by Japan Epoxy Resin Co., Ltd.)

+B




05 APR2 U5 -57 Table 4 ti Exanple P roper 455 es Tack-free dryness00X
Devel opi ng Properti esO0O0 Adhesi venesso0QOO Resi stance to sol dering §g@@2@5
Aci d resistance000 Al kali resistanceO00 Resistance to el ectol ess gold
plating PCT resistance®0O0 El ectrical resistance000 The eval uati on net hods of
the tack-free dryness and the devel oping properties shown in Table 4

menti oned above are as 5 follows: Tagg7tree Dryness: The tack-free dryness
of the surface of the dried coating fiImwas evaluated. 0: Absol ute absence
of tackiness 10 0: Presence of only slight tackiness X Presence of

t acki ness Devel opi ng Properties: Theaidksedoped surface was visually exam ned

by t he yse—ef—a—+aghtfier
. Example
Properties
4 5 ]

Tack-free dryness O O X
Developing Properties O O O
Adhesiveness ® © ©
Resistance to soldering heat O O O
Acid resistance O O O
Alkali resistance O O O
Resistance to electoless gold
plating O O O
PCT resistance O O O
Electrical resistance O O 0

The evaluation methods of the tack-free dryness and the
developing properties shown in Table 4 mentioned above are as
5 follows:
Tack-free Dryness:
The tack~free dryness of the surface of the dried ccating
film was evaluated.
C):.Absolute absence of tackiness
10 A: Presence of only slight tackiness
X: Presence of tackiness
Developing Properties:
The developed surface was visually examined by the use of
a magnifier.
15 O : pevelopment was perfect because ink was completely
removed during development.

X : Undeveloped portion having at least slight residue was



15 0: Devel opnent was perfect because ink was conpletely renoved during
devel opnent. X; Undevel oped portion having at |east slight residuenﬁqwﬁﬁwg
APR 2095 - 58 observed in developnent. Synthetic Exanple 6: Into-an

aut ocl ave equi pped with a thernoneter, a device for introduction of
nitrogen and al kyl ene oxide, and a stirrer, 119.4 5 parts of
acresul . novol ak resin (manuf atured byxghowa Hi ghpol yner Co., Ltd., trade
nane "Shonol CR®&51", OH equivalent: 119.4), 1.19 parts of potassium
hydroxi de, and 119.4 parts of toluene were charged. The air in the system
chanber whserasidaded ddushlopmenbgen while stirring the mixture. The
tenperature of the 10 m xture was then increased by heating and then 63.8
parts of SYBESSHENEZFARIL Wis gradual | y added dropwi se thereto to cause
reaction thereqf for_16 h

gurs at 125-%§2C nder(greSSU£e of é$_4"8 5%!cn2.
Thereafter, tHe%&RctP6Rs6 Gt FEHRES BéngattJl_]FIB%lﬁ‘? Bhpet &tUFE2® 1% hi s
reaction ﬁ?kahh%icfn 8% A o; & a %‘;{%’%Eg%ﬁggp&%ﬁ %‘H&’g"@éiﬁé’fd 131 4m xed

therewi tA T0 neutralize po Stum er eby obtaimning a propyl ene

oxi d r i i r \Y; i 3 fi
oont ot | BREES Y AL AT v T AE Decol PuBu FRELDAONY B AP AINBRRI IR |

1. 08 nol 8oQf, 1.hE.3! kyhere nexidde sirmeddet:d 91 oneon 20g8avkTanhent 1af tshe
phenol i ¢ hydroxyl group on average. Into a reaction vessel equipped with a
stirrer, lalst parwenettepotamd jam diydidoidag dndel1293. papast s fofrolimene

al kyl ene oxide reaction solution of cresol novol ak resin obtained as
above, 48erepahasgefl.actiki eincid, the. spspamt shanbest Wasesepiaries 28 téci d,

0. 18 part  of nethylh%gro ui none, and 252.9 parts _of toluene were charged
and | ef t RAEREHPRg o o1 B gt theoBidiure . sEhS iHRPRABABEERI RS &y

thepﬁfntﬁigku%er%%%'%%é%){Héfgggég'by heating and then 63.8 parts of

propylene oxide was gradually added dropwise thereto to cause
reaction therecf for 16 hours at 125-132°C under pressure of
0-4.8 kg/cm?. Thereafter, the reaction solution was cooled to
room temperature. To this reaction solution, 1.56 parts of 89%
15 phosphoric acid was added and mixed therewith to neutralize
potassium hydroxide, thereby obtaining a propylene oxide
reaction.solution of cresol novolak resin having a nonvolatile
content of 62.1% and the hydro:;:yl equivalent of 182.2 g/eg. This
means that 1.08 mols of the alkylene oxide was added to one
20 equivalent of the phenolic hydroxyl group on average.

Into a reaction vessel equipped with a stirrer, a
thermometer, and an air blowing tube, 293.0 parts of the alkylene
oxide reaction solution of cresol novolak resin obtained as
above, 43.2 parts of acrylic acid, 11.53 parts cf methanesulfonic

25 acid, 0.18 part of methylhydroguinone, and 252.9 parts of toluene
were charged and left reacting for 12 hours at 110°C while
stirring and blowing air thereinto at a rate of 10 ml/minute.
12.6 parts of water caused by the reaction was distilled out

together with toluene as an azeotropic mixture. Thereafter, the



12.6 parts of water caused by the reaction was distilled out together with
tol uene as an azeotropic m xture. Thereafter, the 0 5 APR 7995 - Sﬁ rﬁqﬁm%on
solution was cooled to roomtenperature. The obtained reaction so étion was
neutralized with 35.35 parts of an aqueous 153 sodi um hydroxi de sol ution
and washed with water. Thereafter, toluene was distilled out by neans of an
evaporator 5 while replacing it with }§§*1 parts of diethylene glycol
nonoet hyl ether acetate to obtain a novdl ak type acrylate resin solution.
Next, 332.5 parts of the resultant novol ak type acrylate resin solution and
1. 22 parteaotibni phkayliphospsicmeed & racget emp@rathre. r et pbhaiessiel

equi pped with a stirrer, a thernoneter and an air blow ng tube. 60.8 parts
of tetratgdeophnnadlet ianiwas indgw izl gz ed il ily 3addedpastehef Mxagrecwsi | e
stirring it and blowng air thereinto at the rate of 10 m /m nute and | eft
reactinglpPsr 6o Afydsoxpde. FRdWrlsuctadds #eshad anglah t Wajer.

extracted, fromthe ves The curabl e.resi n consequent | obt ai ned . was
{196 qus

el . )
f ound toTh%@aEtﬁ&wBPiP?P& ¥aftehttd MEANS QT APaPYUBPEFAEPL7 Ny
KOH g as i ds, nt heti c, .Exa e 7:,lnto_an, autocl av ipped with-.a
t her rre‘_flérg#ea e%%f/%%l'?%? ltzow?%tnr o%ﬁgf ?orrp%t_%i tor%ggr%%gﬁlg}iﬁorﬁeyl gﬁ" c8>:<Li de,
and a stysh8bends oPRELSAOLehRE DOIMANSNPlS KBV (URIMALUES] dx JaRal Epoxy
Resin Co., Ltd., trade nane "EPI CURE YL6065", OH equivalent: 98), 0.98
part of petassbym hydroxi de, and 98 parts of toluene were charged. The air
in the system chanber was replaced with 25 nitrogen while stirring the

m xture and tezttedd3er.dt wertod édfethal xesud teat imorebsledtppeheatryigteThen

63.8 parts of propylene oxide was gradually added dropwi se to the mxture
and t he regsplaaiithoxtandlwdd pafts cdatrilpdgenyrl pie fiuize sterepghazged

10 into a reaction vessel equipped with a stirrer, a thermometer
and an air blowing tube. 60.8 parts of tetrahydrophthalic
anhydride was gradually added to the mixture while stirring it
and blowing air thereinto at the rate of 10 ml/minute and left
reacting for 6 hours at 95-101°C. The product was cooled and

15 then extracted from the vessel. The curable resin consequently
obtained was found to have a nonvolatile content of 70.6% and
an acid value of 87.7 mg KOH/g as solids.

Synthetic Example 7:
Into an autoclave eguipped with a thermometer, a device for

20 introduction of nitrogen and alkylene oxide, and a stirrer, 98
parts of the polyphenol resin (manufatured by Japan Epoxy Resin
Co., Ltd., trade name "EPICURE YL6065", OH equivalent: 28), 0.98
part of potassium hydroxide, and 98 parts of toluene were
charged. The air in the system chamber was replaced with

25 nitrogen while stirring the mixture and the temperature of the
mixture was increased by heating. Then, 63.8 parts of propylene
oxide was gradually added dropwise to the mixture and the
resultant mixture was left reacting for 16 hours at 125-132°C

under a pressure of 0-4.8 kg/cm’. Thereafter, The reaction



under a pressure of 0-4.8 kg/cnR. Thereafter, The reaction U5 APP 2UU5 -60
solution was cooled to roomtenperature. To this reaction solutioa % i@
parts of 89% phosphoric acid was added and m xed therewith to neu P AR 245
pot assi um hydroxi de. The obtained reaction solution of propylene oxide to

t he pol yphenol resin had 5 a nonvolatile content of 63.8% and the hydroxyl
equi valent of 160.7 g/eq. This neans_BBqt 1.08 nols of the al kyl ene oxide
was added to one equival ent of the phenolic hydroxyl group on average.
251.8 parts of the reaction solution of propylene oxide to 10 the

pol yphenstlueson ofisai oedled dlmovecomd iZ2npetastwie acr Yo cchagi deatti®d parts
of nmet hanesul fonic acid, 0.18 part of nethyl hydroquinone, and 217.3 parts
of tol uepelweienchhrgBopants af §Xaghasphestelagtdiyiredddad aadnikedr, a
thermoneter, and an air blow ng tube and |left reacting for 12 hours at 110C
whi | e 15EBPERFAGRaItC t RERELAL 2R ROFaPELlER My dreFide.and'ht i pPradnese

m xture. 12.6.parts of .water caused by the reaction s . distilled out

Foget nor “HRE hiPBIARHEE LR AT FEEBOEHE oL Fe. chqmme o not masTh R on

sol utd on oI t ratar ny | e L uti.on was
neut rgal i%é@g%‘gg\?\n‘g?gléf?g%%rt t ??én% %n%aaeaune%[}gh %gﬁﬁgﬁgﬁ% %@é%&%ﬁgg&sglﬁjti on

and thepgyas h:?)deéj“ tRe el @leand@hedf 1€0s hoh Hene Mas digiidded Qe wRY means
of an evaporator While replacing it with 113.0 parts of diethylene glycol

nmonoet hyhdeéhercacehat e wllleit af #gd ybale® dleis Nhgakbkiyan %fmwgo@
nonvol atil e content of 63.4% 25 Next, 304.5 parts of the resultant acrylate
resin sohuerage.and 1.22 parts of triphenyl phosphine were charged into a
reaction vessel equipped with a stirrer, a thernoneter, and an air bl ow ng
tube. 60.8 pabtsBoparssrafiythepheaationafpjtiion wdspgpaydane oxddéedioto t he

nixt%re while blowing_ air thereinto at a rate of .
1 the polyphentl resin obtained as above, 43.2 parts of acrylic

acid, 11.53 parts of methanesulfonic acid, 0.18 part of methyl -
hydroquinone, and 217.3 parts of toluene were charged into a
reaction vessel equipped with a stirrer, a thermometer, and an
air blowing tube and left reacting for 12 hours at 110°C while
15 blowing air thereinto at a rate of 10 ml1/min. and stirring the
mixture. 12.6 parts of water caused by the reaction was
distilled out together with toluene as an azeotropic mixture.
Thereafter, +the reaction solution was c¢ooled to room
temperature. The obtained‘réaction solution was neutralized
20 with 35.35 parts of an aqueous 15% sodium hydroxide solution and
then washed with water. Thereafter, toluene was distilled out
by means of an evaporator while replacing it with 113.0 parts
of diethylene glycol monoethyl ether acetate to obtain an
acrylate resin solution having a nonvolatile content of 63.4%.
25 Next, 304.5 parts of the resultant acrylate resin solution
and 1.22 parts of triphenylphosphine were charged into a reaction
vessel equipped with a stirrer, a thermometer, and an air blowing
tube. 60.8 parts of tetrahydrophthalic anhydride was gradually

added to the mixture while blowing air thereinto at a rate of



0 5 APR 2905 -61 10 mMl/mn. and stirring the mxture, and they were Iefé
reacting for 6 hours at 95-105C. The product was cool ed and then RS hPRARg
fromthe reaction vessel. The curable resin consequently obtained was found
to have a nonvolatile content 5 of 70.5% and an-, acid value of 93.1 ng
KOH g as solids. Exanples 7-9 and Conparative Exanple 2: The

fl ame-retardant, photocurable and therrpsetting resin conpositions were
prepared by conpoundi ng rel evant conponents at proportions (numerical

val ues indicate parts by weight) shown 10 in Table 5 and kneading themw th
a three-ddl hldinkin,. anéspettrtvey\hEadkxtofra handobheyi vepasleds gttty by
the screen printing nethod using a polyester screen of 100 nmesh to the
entire &6F kehehry Hppdp-pilat g-‘d—t hFBEgMREIBIGE | Red 299keM t aBSarthemavi ng

a prescribed pattern fornmed in advance thereon.to form 15 a ting fjlm of
0050 AR BN o g SRR (YeSSBbard e aAdARlE | Hkae o
hot i i t C 1 , t ti i

't adi o SPARCERRIRA A eR ud® PROHETEs REE o BOERRH S e

appar gt ug #( BOdUCty R LG 28 VQTHEaBthFSJng @Ry ko A 1aA/bQ8hi§'¥W 680GN

t hrough a negative filmhaving a prescribed resist pattern and tightly

super pos egtan@ dehey Bt ANICEb AT Atk vadiEaann dlgse: 600 my/ cn@). Then, the
coating fil mwas devel oped for 60 seconds with an aqueous 1% sodi um

car bonat e solTié Al appiedabiaspl, aphogoaurabilleeadidl € hefrmets & 105 kg/eaid o
di ssol ve out the unexposed portion. Thereafter, the coating filmon the
boar d wasompesid lons waitk iprepdned avy canpdngdingnraileimod fcommmantait es
to prepare a test board. The resultant test board having the cured fil mwas
tested PASPY¥PROFELPEFatRENEH1SELJER] MRS Hewtic aled pards gvafﬁziegh’ab IE419vw 5

APRZ&95 in Table 5 and kneading them with a three-roll mill,
respectively. Each of the compositions was applied by the screen
printing method using a polyester screen of 100 mesh to the entire
surface of a'copper plated-throughhole printed circuit board
having a prescribed pattern formed in advance thereon to form

15 a coating £ilm of 20-30 um thickness. Thé coating film on the
board was dried by the use of a hot air drying oven at 80°C for

30 minutes.
Next, the coating filmwas irradiated with ultraviolet light
" by using an ultraviolet exposure apparatus (product of ORC
20 Manufacturing Co., Ltd., Model HMW-680GW) through a negative
film having a prescribed resist pattern and tightly superposed
on the coating film (irradiation dose: 600 mJ/cm?). -Then, the
_coating film was developed for 60 seconds with an agqueocus 1%
sodium carbonate solution applied by spraying at a pressure of
25 2.0 kg/cm® to dissolve out the unexposed portion. Thereafter,
the coating film on the board was thermally cured in a hot air
drying oven at 150°C for 60 minutes to prepare a test board.
The resultant test board having the cured film was tested

for the resistance to soldering heat, acid resistance, alkali



-62 resistance, adhesiveness, PCT resistance, and resistance to electroless
gold plating and in accordance wth the testing nethod and the evaljgalHRoME;
met hod descri bed herei nbefore. Further, a glass plate used in place of the
copper 5 plated-thrroughhole printed circuit board was treated under the
sanme conditions as descri bed above to obtain the water absorption.
Furthernore, by using a B pattern of a printed circuit board (thickness:

1.6 mm specified by IPCT in place of ~“the copper plated-throughhole printed

circuit board, a test 10 board was prepared under the sane conditions as
descri bedeadevansnd sdkesliecheisesgl FER| staneeanas ,t est@drebisthere byo usi ng
a board specified in the flame retardancy test specification for

hi gh- nol ed@icaradmss igvbd DLeAVOg iawledn bycomdangs teithlgber &tastiowg | nc.
(UL), USA in place of the 15 copper pl ated-throughhole printed circuit

board, ame&diedherd thtaser bpak eanuRgéhochdeasmieikotdhersasbgdogescri bed
above and the f

fests are shouHfViERubie 61105 ABRU00SSCEs TAbl BI8°Exaiipl SR MITE

S REKT G R LA T S
same conditions as described above to obtain the water
absorption. Furthermore, by using a B pattern of a printed
circuit board (thickness: 1.6 mm) specified by IPCT in place of
the copper plated-throughhole printed circuit board, a test

10 board was prepared under the same conditions as described above

and the electrical resistance was tested.

- Further, by using a board specified in the flame retardancy
test specification for high-molecular materials, UL94V0, issued
by Underwriters Laboratories Inc¢. (UL), USA in place of the

15 copper plated-throughhole printed circuit board, a test board
was prepared under the same conditions as described above and
the flame retardancy was tested.

The results of each of the above tests are shown in Table



Resin of Synthetic --139.3- Exanple 3 Irgacure 907 *')15.015.015.015.0
.DETX-S *21.01.01.01. 0 D ethylene glycol nonoethyl6.06.06.06.0 ether acetate
Pht hal ocyani ne bluel.51.51.51.5 Silicone KS-66 *')2.02.02.02. 0 AERCPBbLAPR3MA
*4)2.02.02.02.0 Melam nel.51.51.51.5 DPHA *5: 15. 015. 015. 015. 0 RE306

*6' 13. 113. 99. 813. 1 Epo-Thoto YDCN 704P *' ~16.417.412.232. 8 Epo- Thoto YDB- 408
*Wh8. 562. 243. 8- CDP *9120. 0-20.0 Antinony pentaoxide---8.0-- *1f Irgacure
907; 2-nmethyl-I-[4-(nethylthio)phenyl].-gy norphol i no- am nopropanone- 1
(produced by Ciba Specialty Chemcals Inc.) *Z DETX-S:

2, 4- di et hyl t hi oxant hone (produced by Ni Rpon Kayaku Co., Ltd.) *3j Silicone
KS- 66: Silicone type anti-foam ng ag@ab €p|50duced by Shl netsu Silicone Co.

Ltd.) *4F AERCSH380—fimetyputveryzed =i | | (Egmhﬂrouuceu Dy o rosi |
tive
Co., Ltd{) CdmpDiRidas (QarnSXbIlN@lgiflt)dl p ILaJZ': Tt ; hexa=—7antd pgg%%?@czryl ates
Remar ks( preduced—by '“““"‘.s.\%eg Cor—tta—1-RE366—hoveolak—type—e€poxy—jresin
(produced by Ni pp 1R d. Ep:o.ﬁ’l’hat 0 ¥DCNt 704P: novolBl.6yps
epoxy resgi n od 5t g“am' Co——ttH—3—re—Epo-FHret-g—¥bB-406-—
t et r abr ofrobt*&ptien Yesih (produbedsbys Thot o—Kaséi Co— Ltd.)
resin Xample 7
" ResIfi ©f Synthetic _ . 139.3 _
Example 3
Irgacure 907 * 15.0 15.0 15.0 15.0
DETX-§ *% 1.0 1.0 1.0 1.0
Diethylene glycol moncethyl 6.0 6.0 6.0 6.0
ether acetate _
Phthalocyanine blue 1.5 1.5 1.5 1.5
Silicone K$-66 *7 2.0 2.0 2.0 2.0
AEROSIL 380 ** ' 2.0 2.0 2.0 2.0
Melamine 1.5 1.5 1.5 1.5
DPHA *° 15.0 15.0 15.0 15.0
RE306 #° 13.1 13.9 9.8 13.1
Epo-Thoto YDCN 704p *7 16.4 17.4 12.2 32.8
| Epo-Thoto YDB-408 *® 58.5 62.2 43.8 —
CDP ** 20.0 - 20.0 -
Antimony pentaoxide - 8.0 — -
* Trgacure 907: 2-methyl-I-[4~(methylthio)phenyl]-2-morpholine-
aminopropancne-1 (produced by Ciba Specialty Chemicals Inc.)
*#% DETX-S: 2,4-diethylthioxanthone (produced by Nippon Kayaku Co., Ltd.)
*¥) gilicone K5-66: Silicone type anti-~foaming agent
{produced by Shinetsu Silicone Co., Ltd.)
*% AFROSIL 380: finely pulverized silica
(produced by Nippon Aerosil Co., Litd.)
+5 DPHA: a mixture of dipentaerythritol hexa- and penta-acrylates
Remarks {produced by Nippon Kayaku Co., Ltd.)
+¥ RE306: novolak type epoxy resin
{produced by Nippon Kaysku Co., Ltd.)
*? Epo-Thoto YDCN-704P: novolak type epoxy resin
{produced by Thoto Kasei Co., Litd.)
*% Epo-Thoto YDB-408: tetrabromobisphenol A type epoxy resin
(produced by Thoto Kasel Co., Ltd.)
** CDP: cresyl diphenyl phosphate
{produced by Daihachi Chemical Industry Co., Ltd.)}




*9 CDP: cresyl
Co. ,

di phenyl

phosphat e (produced by Dai hach
Ltd.) O 5 APR 7005 -64 Table 6 P Exanpl eConparative ti
2 es Resistance to sol dering heat 0000 Acid resistance0000 Al kal

Chem cal
roper

resi stance00OO0 Adhesi venessQ0o00Q PCT resi st ance0O00 Resi stance to

el ectol ess gold OO0 plating Water absorption (% 1.21.21.31.0 El ectrical
resi stance00C0 Fl ame retardancy0OOX Theg

retardancy shown in Tabl

Ret ardancy: The flame retardancy of the test board was eval uated on the
following criterion by the use of tTabappératus specified in the

Ll O A al H

eval uation nethod of the flane

e 6 nentioned above is as follows: 5 Fl ane

| ndustry

189FRam ©

UL fl ane

r et ar dangy—test—specirficattron—for—hrgh—-notecutar—matert+at-s; -S4 —and—n
accordance with 5%§Egg%gpd specified 10 t héfBf®e 0: The tes}Chmarative
. . (&) n

exhibited the flang rétardancy equivajent | to y-0. 9 Example 2
Resistance to soldering heat O O O O
Acid resistance C 9 O O
Alkali resistance O O O O
Adhesiveness ©) © © ©
PCT resistance O C O ©
Resistance to electoless gold
rlating O O © ©
Water absorption (%) i.2 1.2 1.3 1.0
Electrical resistance O O O O
Flame retardancy O O O X

The evaluation method of the flame retardancy shown in Table
¢ mentioned above is as follows:
5 Flame Retérdancy:
The flame retardancy of the test board.was.evaluated on the
following criterion by the use of the apparatus specified in the
UL flame retardancy test specification for high-molecular

materials, UL94 and in accordance with the method specified

10 therein.
Ok The‘test:board.exhibitedfthe flame retardancy equivalent
to V-0.
X : The test board did not exhibit the flame retardancy
equivalent to V-0.
15 |

Industrial Applicability

As described above, since the curable resin of the present



X: The test board did not exhibit the flanme retardancy

equi valent to V-0.

15 Industrial Applicability As described above, since the curable resin of
the present 05 APR I M -65 invention has an unsaturated group and a %gﬁﬁgm%l
group added to the terminals of its side chains, it exhibits excelllent

reactivity. Further,

since the curable resin contains a hydrophilic and

al cohol i ¢ hydroxyl group which exhibits low 5 reactivity in a.-snmall anpunt
or contains no such group, it allows _tdwe. formation of a cured product
havi ng wel | - bal anced heat resistance and PCT resistance at a high |evel
excelling in various properties such as adhesiveness to a substrate,
har dness 1Wedtsiohdei g e abrsatgddIrespspanscd ComstairE&r Al abddedt i on.

Th f , bl e . i iti. i si his. bl .
{oget hor G (114 DRBPARGRFET . PAEI GTLO rrLRaPDr I pShABERET Pyl lont
(et h) actyl alig SARPOUNG:, AR £POXY,  £OIPQUDC. o8 dLhUent 89LVeRLasBLee o

exhi bi t sTéxc

al kal 1= ""dével opi ng properties and gIrves a cure

~excel | nﬁgﬁ%o?éﬁﬂﬂé RhAPSM LSS 18T rﬁf&ﬁéﬁgﬁe_gtr%u?ﬂtgﬁi&ﬂge%?r_tbiézpscrlow

resi st ance,

el ecty ol eescaghd 4y ahi AGmLl BahoGd! ok NSeh A LAY MY QR LeSuK: K 3
to noi sture absorption required of a solder resist or fthe [ike which is

esiveness, resistance to chemcal resi stance t

capabl e ¢hecofpmgatdidh bife di ghrdenpiddwat i aavid@nde sU-batanmednthagt
technol ogy of the printed circuit board, Accordingly, the photocurable and
t her nosetrerig tragsian arch MEES ittdsars twont @i at ey bsigth levaik anid assdhl Bsgaixuri ng

conmponent

al so use%gl as a sol der resist. to be Egggsin t

10

15

20

25

rdness, resistance to chem ’ angeresistance to moisture
absorption. Therefore, a curable resin composition comprising
this curable resin together with a photopolymerization
initiator, a photosensitive {(meth)acrylate compound, an epoxy
compound, a diluent solvent, etc. exhibits excellent alkali-
developing properties and gives a cured product excelling in such
properties as resistance to soldering heat, PCT resistance,
adhesiveness, resistance to chemicals, resistance to
electroless gold plating, electrical insulating properties, and
resistance to moisture absorption required of a solder resist
or the like which is capable of coping with the high densification
and surface mounting technology of the printed circuit board.

Accordingly, the photocurable and thermosetting resin
composition containing such a curable resin as a curing component
is not only usable as an ultraviolet-curable type printing ink
which is cured by the use of the actinic energy rays or other
usage but also useful as a solder resist to be used in the
manufacture of a printed circuit board, an interlaminar
insulating layer of amulti-layer circuit board, a permanent mask
to be used in the manufacture of a tape carrier package, and

further a resist to be used in the manufacture of a coleor filter

i,s not only usable as an ultraviolet-curable type printing ink
whi ch i sVEHAOFShy PRSI &t e thcdthi @IBRFIGEATTS JFC otthe S W

and

pr oduct

ndt {EBdwws ance

LisdeRr but



manuf acture of a printed circuit board, an interlamnar insulating |ayer of
a multi-layer circuit board, a pernmanent nmask to be used in the nmgmuimchur e
of a tape carrier package, and further a resist to be used in the

manuf acture of a color filter 05 APR Mb -66 and the |ike, because its cured
filmw Il not exfoliate froma substrate even when exposed to the
conditions of high tenperature and thﬂ;hunidity and al so excels in various
properties as nmentioned above. Further, by the use of the photocurabl e and
5 thernosetting resin conposition excelling in flanme retardancy, the highly
rel i abl eamduiibiend isk ,t becauss ridm cudwd daslmt ani e natx pecietiate 5EMPR 2995
-67 CLAIMS 1. A curable resin obtajned by reacting an _unpsaturated

e et he e gt ot BhanhLL o e oyl S ougt 1 kLa m el e (But

T LA T e (et o

(r:ﬁgfti ?ng%%&&éTré%(% 0 fl'.a’-leurcta} a’g1 en¥ eg?% %E%o%’g%ié tgr %tﬁ rﬁ#‘lflb anci v
agt ehzedos .éf}fg}e I.%%l)l.q} g%gﬂ%%’!%f@i’ eﬂ&éﬂﬁ?%g{n O’@ain%%%&%}ifl{a y

groups in its nolecu condensati on pfod ompound

represent@e By qhhe @lliWMIng @eneE shgfef Mha &hbbkrand o FeldRidL, alsehyde
conpound havi ng a phenolic hydroxyl group. OH OH OH t

expected.



Fit XZXIROH. .,..(131) HOMk HO - (Y) k wherein R represents a
hydr ogen atom or an al kyl. group having 1 to 18 carbon atons, X represents

a hydrogen atomor a halogen atom Y represents an alkyl group orﬁgngumgxy
group each having 1 to 18 carbon atonms, k is an integer of 0, 1 d
mis an integer of 0 or nore. 3. The %urable resin according to claim1l1 or
2, characterized in that said unsat ur ft’ed gr oup- cont ai ni ng nonocar boxylic
acid (d) is acrylic acid and/or nethacrylic acid. 4. The curable resin
according to any one of clainms 1 to 3, characterized in that said pol ybasic

acid anhydride (f) is an alicyclic di bastGa®eEd anhydride. 5. A curable
resin conposition conprising said curable resin set forth in any one of
claims 1 to 4. 0 5 APR 2005 -68 6. A photocurable and thernosetting resin

conposition, characterized by xCORRFLB1BI £&9ig Qﬂ%ﬁ%iﬁé&eihﬁ r@QE%hﬁ%d‘Qﬁ
reacting an unsaturated group-containing nonocarboxylic acid (d) with a

reaction prmmﬂ@tutayedfgxanpﬁnnnmalmangngomnp@eb@myﬂmme phidol(idg hydﬂoxw
t di k. t h I

ona hn Bl Kyt EREELER BEo RS L) B B PRlB hAY Y SRV Y e Bhbal Fhe

(f) with thearesyht atbupdadh AR sPERALG () (bulB)ext1 RIPEEPL! YEROLAR LB e

initiator, (C a_photosensitive (neth)acr Iate conpound, " (D) an_epox

conpound, abBeRe}ig diewim) ($01 vand . ap Flknbereuratide abl)t Wéﬂmé@?!{hﬁ@
resin. Conpofééhegng a polybasic acid anhydride (f) with the resultant
reaction product {(e).

2. The curable resin according to claim 1, characterized
in that said compound having three or more phenolic hydroxyl
groups in its molecule (a) is a condensation product of a phenolic -
compound represented by the following general formula (III) and

an aromatic aldehyde compound having a phenolic hydroxyl group.

oH on |
Z | | fﬁl\ﬁ
PN b N
AN | YO
Hc{/ >k HGAQV/CY)k

wherein R represents a hydrogen atom or an alkyl group having
l to 18 carbon atoms, X represents a hydrogen atom or a halogen -
atom, Y represents an alkyl group or an alkoxy group each having
1 to 18 carbon atoms, k is an integer of 0, 1, or 2,.and m is-
an integer of 0 or more. |

3. The curable resin according to claim 1 oxr 2,-
characterized in that said unsaturated group-containing
monocarboxylic acid (d) is acrylic acid and/or methacrylic acid.

4. The curable resin according to any one of claims 1 to
3, characterized in that said polybasic acid anhydride (f) is

an alicyclic dibasic acid anhydride.

5. A curable resin composition comprising said curable

resin set forth in any one of claims 1 to 4.



characterized by conprising (A)a curable resin having the groups
represented by the followng formulas (1) and (I1) in itsside chai 0§ KPRAS
having an acid value in the range.o 30 to 150-ngXCOll/g, (B) a

phot opol yneri zation initiator, (C) a photosensitive (nmeth) acrylate
conpound, (D) an epoxy conpound, and {8 a diluent solvent. --0 0" Rl
-CH2-CO R RBRM OCGGCG--GCREn0O0O IlI'll -CG-Z-COH1 R -1 nCH2-CO

wherein R and R2 independently represent a. hydrogen atom nmethyl group, or

an ethyl group, R, R and RS ind ep ent atom. an
al kyl group havi ng6 1 to 6 car bo?1l e@f@g&@ﬁ}%mé E{r?é tr}l‘h,&g{r?/%églggﬂ? groquI,%
cyano grougombdditidme chiparteriaetiubyl c@m@msﬁq epapsantsramle weasi n
acid anhydride 0 5  APR 2905 -69 residue, and n is a nunerical value of 0.5

to 10. 8. RYIGMRAr ablVe akgafhdmgosedRi ngiRedFArasMbosi PreRp-containing

monocarboxylic acid (d) with a reaction product {(c¢) of a compound

having three or more'phenolic- hydroxyl groups in its molecule

{but excluding a noveolak type phenolic resin) (a) and an alkylene

oxide (b) and further reacting a polybasic acid anhydride (£)

with the resultant reaction product {e), (B) a

photopolymerization initiator, {C) a photosensitive

(meth)acrylate compound, (D) an epoxy compound, and {(E) adiluent
solvent. '

7- A photocurable and thermosetting resin composition,

characterized by comprising (A) a curable resin having the groups-

' represented by the following'formula{s (I) and (II) in its side

chains and having an acid value in the range of 30 to 150 mgKOH/g,

(B) a phot0polymer1zat.10n J.nltlator, (C) a photosensitive

(meth)acrylate compound, (D) an epoxy compound, and (E) a diluent

solvent.
" 1 3 .4
Tole T
—= O~ CHz~ <|: O—T—-C—C—C—R - (D
L J T
i —| . .
R
——O—~CH2—(|.‘. 0——C—Z—C—OH -« (I
L R2' dn

wherein R' and R®* independently represent a hydrogen atom, a
methyl group, or an ethyl group, R’, 'R, and R’ independently
represent a hydrogen atom, an alkyl group having 1 to 6 carbon
atoms, an aryl group, an aralkyl group, a cyano group, a fluorine

atom, or a furyl group, Z represents a polybasic acid anhydride -




characterized by conprising (A) a curable resin obtained by reacting an
unsat ur ated group-containi ng nonocarboxylic acid (d) with a reaction
product (c) of a conpound having three or nore phenolic hydroxyl %o iEn
its nolecule (a) and an al kyl ene oxide (b) and further reacting a polybasic
acid anhydride (f) wth the resultant reaction product (e), (B) a

phot opol yneri zation initiator, (C) a {¥Botosensitive (neth)acrylate
conpound, (D) an epoxy conpound, (E) a diluent solvent, and (F) a curable
resin which has a carboxyl group and an unsaturated group in its nolecule

and whi ch i$diRdde. o5 af €505 ﬁﬁhbgl@%\lr Qe tenperqtdre, 9. A photocurable

and thernnsettlng resin conp05| Lon, .characterized by conmprising (A a
curable resin hawdngi I];mog:ranmsablep':rmisetriteadndwetbenfgoh:be\mngompnﬁurtasn(,I )

and (I11) in |ts S|de ai ns and ,havi ng an acid v ue in the nqge qof 30 to
100 ok & S BBo B AT 8, GogAP e T oE bhopbeaern

i
(et h)acr ylxaéa%ﬁ %@duné Pt n2B +8R06M Y RAUNG i f Bl g 2ndhbeeRbox9alivenici and
(F) a curable resin which has a carboxyl” group and “an unsaturated group in

its nol ecul(@)antithixiréacthonhpreduct (o) e8l adcamposom therparntihmee <OrR
-G-GO L gﬁe:%%l%c h}lrd%ogiycf gz?oﬂpéji)n 2eBhd18&u1e (a) and an alkylene
oxide (b) and further reacting a polybasic acid anhydride (f)

with the resultant reaction product (e), (B) a
photopolymerization initiator, (C) a photosensitive
- {(meth)acrylate compound, (D) an epoxy compound, (E) a diluent
solvent, and {F) a curable resin which has a carboxyl group and
an unsaturated group in its molecule and which is in the state

of solid at room temperature.

9. A photocurable and thermosetting resin composition,
.characterized by comprising (A) a curable resin having the groups
represented by the following formulas (I) and (II) in its side
chains and having an acid value in the range of 30 to 1_,50' mgKOH/g,
{(B) a photoPOlymerizaﬁion ‘initiator, (C) a photosensitive
(meth)acrylate compound, (D) an epoxy compound, (E)} a diluent

solvent, and (F) a curable resin which has a carboxyl group and-.
an unsaturated group in its molecule and which is in the state

of solid at room temperature.

A RN
——0—~CHy"C—0 I(l; c—Cc—R® - (D
R” ‘Jn
_T . S
——O0—{CHyC—0 g 7 Ic‘: OH e (1)
BRI

- wherein R' and R’ independently represent a hydrogen atom, a.-



~CH21 _O0O0 Il'll :CGZ-COH (Il1) RRi n wherein R and R2 independently
represent a hydrogen atom a 0 5 APR TW5 -70 net hyl group, or an ethyl
group, R3, R and R5 independently represent a hydrogen atom an alﬁgl 05
group having 1 to 6 carbon atoms, an aryl group, an aral kyl group, éwgg%‘
group, a fluorine atom or a furyl group, Z represents a pol ybasic acid
anhydride residue, and n is a numeric# value of 0.5 to 10. 10. The

phot ocurabl e and thernosetting resin conposition according to any one of
claims 6 to 9, characterized by further conprising (G a curing catalyst.

11. The phot ocurabl e and thernosetting resin _£onmositi accor di ng,to an
one of cloai Iﬁ%t%yﬁogji@?p(ihg?a@?eﬁ%dl. ggliﬂ)'“? urf He;%dor%jrcfrs}i{ nd‘n(c{%Peé%entfyy
flane-ret ardepiesdrt. a HP@roGeh ostbabl gn stk hegroegt LaREnEesi Bo 6€@OSHH ON

according to claim11l., characterized in that said .flane-retardant. (H) is
at | east ondie®fban galvdcgrdupr Gin BF@lkylotpoBPpnsa fYanP Graalp hal bHepmine:

CEonY ™ eSO TG, PERIELE CSEQPRONRY. 2 S PREERLEC Rl SiE) 4ty
flame-retardeptidue, and n is. a numerical value of 0.5 to 10.

10. The photocurable and thermosetting resin
-composition according to any one of claims 6 to 9, characterizegd:
by further comprising (G) a curing catalyst.

1. The photocurable and thermosetting resin
~composition accoxding to any one of claims 6 to 14, characterized
by further comprising (H) a flame-retardant. _

.12.: - The .photocurable and thermosetting resin
composition according to claim 11, characterized in -that said
_flame-retardant (H) is at least one member selected from the
group consisting of a. halogenated epoxy resin, a halogenated.
aromatic. compound, a halogenated alicyclic compound, a
phosphate-based flame-retardant, and an antimony oxide-based -

flame-retardant.



